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PKEFACE. 



A KNOWLEDGE of hnman Anatomy and Physiology is not confined 
to the medical profession, nor to professed scholars. It has become 
a part of general education, and is always attainable in our advanced 
schools, bcth public and priyate. The study becomes professional 
when it is pursue^ to minute details, but the general structure of 
the body, the uses of the several parts, the conditions upon which 
their healthy action depends, and the circumstances by which such 
action may be interfered with, should be understood by all. The 
physical well-being of ourselves and of those witli whom we stand 
0(Minected, depends in a great measure upon our acquaintance with 
these laws of our organization. 

It is the design of the following work to present these principles 
in a form adapted to class instruction. 

The first object has been a suitable arrangement Such an analy- 
sis of the objects and wants of the system is given as leads to an 
obvious classification of the organs of the body. This enables the 
learner to see at once what subjects are to be investigated, and in 
what order they naturally present themselves, and to know when 
his work is done. Until the iActa of a science are thus arranged^ 
upon some principle of relation, they do not constitute a science, 
and can serve no purpose either of practical application or of fur- 
nishing enjoyment or mental discipline. 

The Physiology and Hygiene of the several classes of organs are 
so obviously associated with their structure, that it was thouglit 
better to introduce them in immediate connection with the ana- 
tomical descriptions. The repetition which would be almost neces- 
sary if they were treated in separate sections is thus avoided. 

Many subjects of collateral interest have been presented in the 
form of notes. Tills has been done in order that the consecutive- 
ness of arrangement in the text might not be interfered with. 

The seccmd object has been compression. It is one of the serious 
difficulties met with by teacliers, tliat their text-books are not too 
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6 PBEFACE. 

comprehensive, but too large. In most of the branches of study, 
they should be of such size that they can be completed in a single 
term. And in addition to this, time enough sliould be allowed tor 
thorough review. A subject that is worth studying is worth re- 
viewing. Tlie principles should not only be understood, but they 
should be rejjeated so many times that they cannot be forgotten. 
Every scholar should become so familiar with the subjects of hia 
study as to be able to take up any of the parts, and give a ready 
and intelligible account of it 

Whenever conclusions rest upon reasoning which is complex and 
difficult, special eflfbrt has been made to render the expression of 
the reasoning as clear and little involved as possible. But to sim* 
plify and popularize it in any other way has not been attempted, 
nor would such a course be likely to secure for it additional favor. 
Hence, technical terms have not been discarded. In entering upon 
a new subject of study, the learner will necessarily meet with new 
terms, and it is best to employ those which express the ideas that 
are peculiar to the study with the greatest precision, and the least 
circumlocution. Science has a language in some respects peculiar 
to itself, and so has the counting-room and the farm. Each claims 
its own language, its technical terms, because the ideas to be ex- 
pressed are peculiar and require such terms. 

A glossary of technical terms has been combined with the index, 
and, as a matter of convenience to pupils, the pronunciation has 
also been marked. 

The several subjects are so fully illustrated by figures, that teach- 
ers, it is believed, will not find it necessary to avail themselves of 
anatomical plates to facilitate instruction. 

The author has endeavored to bring the important principles of 
extended treatises on these subjects into a sufficiently narrow com- 
pass, to divest them somewhat of the professional cast which they 
there assume, and put them into a form in which they will be intel- 
ligible to pupils, and to give them an arrangement that will show 
tlielr connection with each other, as parts of a single branch of 
science. In attempting to do this he has Icen guided by his expe- 
rience as a teacher for many years. He now oflfers tlie work to the 
public in the hope that it will meet the approval of those to whom 
the instruction of youth Is committed. 

New York, Jan. 1, 18S8. 
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MATOMY, PHYSIOLOGY, AKD HYGIENE. 

INTBODUCTIOir. 

1. It is the object of Anatomy to describe the human 
body, the structure, form, and position of its several or- 
gans. It is the object of Physiology to describe the uses 
and relations of these organs. It is the object of Hygiene 
to develop the principles upon which the healthy action 
of these organs depends. The three may be kept distinct 
as departments of professional study ; but, as branches of 
general education, they are more conveniently studied 
together. 

i. In order to arrive at a convenient classification of 
these organs, it is necessary to consider the object foi 
which the body is furnished. We, that is our minds, can 
exert no direct control over the material objects around 

* This statement can scarcelj need illnstration. We cannot, for in^ 
stance, bj a mere exertion of the will, cause a book which lies before us 
to change its place. Such change can be made only by the application oC 
physical force. Perhaps we might have been so constituted that we could 
have controlled directly other matter, as we do our bodies ; but such power 
has not been given us, and those who pretend to possess it either deceive, 
in reference to the effect itself, or the effect is produced by the application 
of ordinary physical force, exerted in such a way as to elude our observa- 
tion. The most successful efforts of jugglery are of this last kind. The 
skill consists mainly in the power which performers acquire of moving the 



1. What is the object of Anatomy t Of Physiology f Of Hygiene ? 
j^ Why is a physical ^ysttm necessary r 
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8 INTRODUCTIOir. 

ns. We do, more or less, control these objects ; but it is 
by the body as an intermediate agent. How the mind is 
brought into relation with this portion of matter, the body, 
80 that it acts in obedience to our wills, is unexplained and 
inexplicable. All that we can say of it is, that it has 
pleased our Creator thus to constitute us; and all the 
knowledge which we have of the external world comes to 
us by this connection of mind and body. 

3. Bearing in mind, then, that the body is furnished us 
as the means by which we may become acquainted with, 
and operate upon, external objects, we may inquire what 
kind of organization will secure this end. 

In the first place, there must be a suitable mechanical 
structure. It must be sufficiently firm to support the 
weight and transmit the power which the purposes of life 
require ; and this firmness is secured by the framework of 
bones which the body contains. This framework must not 
be a rigid structure, but capable of various motions. The 
joints are provided, to render these motions possible ; and 
the muscles are the system of connections by which the 
several parts of the frame are acted upon in the perform^ 
ance of these functions. 

As a system of mechanism, the body is no more capable 
of moving itself than any other piece of machinery is. In 
the second place, then, the mind, regarded as the reposi- 
tory of voluntary power, must have the means of appljring 

hands with wonder ul accuracy, and yet with a rapidity so great that the 
eye cannot follow them. Thus, changes take place before the obser\er 
for which he can assign no canse ; but they are effected by the hand of the 
performer with a motion which is invisible only because of its rapidity. 

3. What are the three eyBtems of organs by which the body ie fitted to perform 
StP functions? Of what claB^e? of organs does the mechanical system consist? 
Why mu^t there he a nervous system ? Of what classes of organs does It con- 
sist ? Why is a third system of organs necessary ? What objects are effected 
by the repairing system ? 
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its power. The nervous »ystem, consisting of the brain, 
the spinal cord, the nerves, and the organs of the external 
senses, are the means of applying this power to the me- 
chanical system, as well as the means by which the mind 
acquires a knowledge of the properties of matter. 

It would seem that when these two systems are formed, 
and so long as they remain perfect, no others are necessary 
to effect the purposes for which the body is designed. But 
a long process of growth is necessary to perfect the body ; 
and, like all material structures, it is liable to become in- 
jured, and is subject to ultimate decay. It therefore be- 
comes necessary that there should be a third system of 
organs, which we may call the repairing system^ designed 
to secure the growth which is required in the earlier pe- 
riods of life, and to furnish the repairs which are required 
at every period. 

4. Our investigation of this subject will, therefore, be 
limited to an examination of these three systems, of which 
the body is mainly composed: namely, the Mechanical 
System, the Nervous System, and the Eepairing System. 

4 . To what will oar Btady of thi» ^abject \\m limited t 
-♦ 
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PART L 
THE MECHANICAL SYSTEM. 

THIS SYSTEM CONSISTS OF THE BONES, JOINTS, AND MUSCLES. 



CHAPTER L—OF THE BONES. 
Section I, — General Conaidorations 07i the Bones. 

5. The principal object of th3 bones is to constitute 
the framework oi the body. Its firmness, height, and gen- 
eral form depend upon them. They, however, serve other 
important purposes, particularly that of protection tj soma 
of the more delicate organs. Thus, the cranium is designed 
to render the brain secure from external injury, and the 
ribs are employed to form and protect the cavity in which 
the heart and lungs are lodged. 

6. It is interesting to trace the process by which 
the bones axe developed. There is a period very 
early in our existence, but affer the body has acquired its 
general form, when the skeleton contains no bone, but 
consists entirely of cartilage (gristle). These pieces of 
cartilage, which constitute the fltast draft of the osseous 
structure, are traversed by minute blood-vessels, and parti- 
cles of bone, conveyed by the blood, are deposited at points 

SeeUon Mm—S. What is the principal object of the bones? Wliat other pur- 
pOf>e8 do they Berve f 

6. Of what is the lirat skeleton composed f State the process by which thii 
U changed to one ol bone. Bow long time is required to make this change f 
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12 OP THE' BONES. 

called centres of ossification, near the middle of each piece 
of cartilage, the corresponding cartilaginous particles being 
at the same time taken up by the circulating fluid, and 
carried away. 

Thus, by a very slow process, the original skeleton is 
taken down, and one of bone is built up.* Though ossifica- 
tion commences sometime before birth, it is not completed 
till about the twentieth jear of life. In certain parts the 
change is delayed much longer. Thus, the lowest portion 
of the breast bone is generally cartilaginous till extreme 
old age, and the cartilages which connect the ribs with the 
breast bone, in healthy persons, never become ossified.' 

7< At the most vigorous period of life, when the bones 
have attained their full development, they contain about 
three-fifths of their weight of earthy matter, of which phos- 
phate oi lime is the principal part, and the remaining two- 
fifths is aiiimal matter, mostly in the form of gelatine.^ 

* When children have but little exercise, breathe impure air, or are con- 
fined to food containin<; bat little nourishment, the process of ossification 
is often arrested ; and as the body, which continues to increase in size, 
becomes too heavy to be supported by the cartilages, they yield, and 
permanent deformity results. 

* When a bone has been broken, it does not unite by a sudden deposition 
of bone. There is a partial cure effected by a rapid deposition of cartilage 
between the broken surfaces, by which they are temporarily, though not 
very firmly, united. The complete ossification of this cartilage may re- 
quire several months. 

* These two parts may easily be exhibited separately. When a bone is 
thrown into the fire, the animal matter which is distributed through it 
becomes charred (converted into charcoal) by the heat, and it becomes 
black. The animal mutter, however, soon bums out, and a white brittle 
substance, the mineral matter of the bone, is left. The bones would. 



7. What is the composition of the bones? How does their composHion differ 
from this in early life? Why is a flexible state of the bones better adapted to 
^ the conditions of early Ufe t What change iu the composiiiuu of Uie bouet» taked 
place tu old age ! 
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OF THE BOiqisa. 13 

But their composition varies with a person's age. Early 
in life, the animal matter predominates, and the bones aa-e 
tough and flexible, thoagh possessing less of flrmnesa This 
is the reason why there are so few permanent injuries from 
the accidents of childhood and youth. In advanced life, 
the earthy matter predominates, and the bones become 
brittle, and, when broken, less disposed to unite firmly. 

8. The form of the bones is so various, that it can 
scarcely be employed in the classification of them. Yet it 
is convenient to speak of long bones, as those of the leg ; 
of flat bones, of which the cranium mostly consists; and 
of square bones, such as are found in the wrist and ankle. 

9. The structure of the bones is by no means as 
simple as it at first appears. When bone begins to be 
formed, the osseous particles are so deposited as to form 
fine, stiff threads of bone, and 
hence tlie loag bones are always 
fibrous, and, for the same reason, 
the flat bones have a radiated 
structure. (Fig. 1.) 

The outside of the body of 
the long bones is very dense and 
compact; but, at a very little 
distance, the structure becomes 
porous, and the pores mcrease in "^''"'^""^fl^li^b^el"*'''" **'*^* 
size as they are situated further from the surface. Finally, 

probably, become equally brittle during life if, bv any vital process, they 
were as fully deprived of animal matter. 

If a bone be placed in dilute muriatic acid, tUe acid will, in a few days, 
combine with and dissolve the earthy part of the bone, and leave tha 
animal part, which will have the exact form and size of the bone, but will 
be flexible like India-rubber. 



- 8. What claf*9iflcat!on of the hones \b made depending npon their formn ? 
0. How are the fibrous and radiated »tructarei» produced ? Where is the stractara 
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Kg. 2. 




Section of the thf eh 
bone, a a The ex- 
tremitietf, »how- 
insr the sponsry 
textare. bo The 
exterior of the bo- 
dy, of verv denpe 
bone, c'fhe hol- 
Jow of the bone, 
filled with mar- 
row. 



the centre is hollow. The hollows of the 
bones are filled with marrow, and the cavi- 
ties of the porous portions are also filled 
with a fatty substance resembling marrow. 
By this arrangement, nearly as great strength 
is secured as would be if the whole were a 
mass of compact bone, while the weight is 
not more than half that of solid bone. 

The extremities of the long bones, 
also, have the porous structure, and are 
much larger than the middle portions, in 
order to give strength to the joints by pre- 
senting large articular surfaces. 

The substance of the bones is every- 
where (except in the teeth) traversed by 
blood-vessels, absorbents, and nerves, so that 
these solid parts are still living parts, and 
are continually undergoing the processes of 
removal and renewal, like the other parts 
of the body.* It is by means of these tra- 
versing organs that the bones are able to 
unite when they have been fractured, or to 
be repaired when they have been injured by 
disease. 



It follows, that children should not, before the bones have acquired their 
strength, be subjected to the severer kinds of labor, such as require great 
iinnness of frame. They should not be required to lift great weights, nor 
carry heavy burdens ; nor should they be confined, for a long time, to any 
one position. The restlessness of children is natural, and is dessigncd to 
prevent the distortions of body which would be likely to result from a 
child's maintaining habitually the same position, when the bones are so 

most compact f What is the §tructnre of the central portion of the bones ) Ol 
the extremities ? Why are the extremities of the bones enlarsred ? With what 
are the cavities of the bones filled, and for what purpose T What other otgant 
art found peuetratin; the bones, and for what pnrpoia f 
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16. The blood ajways contains, in solution, a small 
amount of osseous matter, and both the formation and 
gro'^xrth of bones take place by the deposition of these 
particles of bone. The bones increase in diameter by the 

yielding as to allow of their readily taking any form which a constrained 
position would tend to give. 

Children at school often rest the elbows npon the table, and allow the 
head and chest to fall forward; they thus become round-shouldered 
Others acquire the habit of lounging, or of resting one elbow in such a way 
AS to give a lateral curvature to the spine. The feeling of lassitude and 
weariness, which rapid growth is likely to induce, may encourage these and 
other objectionable positions which are liab'e to result in permanent de- 
formity. The upright erect position may be recommended as preferable, 
so fiir as it can be practised ; and yet this effort should not be carried too 
far, for, in the first place, to carry the head and shoulders too far back is 
as unnatural and as much a deformity as the opposite error; and, sec- 
ondly, the most natural erect position will become injurious if persisted in 
to weariness. A laige amount of exercise, and the fVequent changes of 
pos'tion thus secured, are the best safe^ards against all the deformities 
which are likely to be contracted in childhood. 

* It will hereafter be shown that, by the processes of life, the soft parts 
are constantly undergoing removal and renewal. Portions of every muscle, 
for instance, are every moment undergoing chemical change, losins: their 
vitality, and requiring removal from the system. At the same time, there 
is a renewal, by the deposition of new muscular fibre from the blood. 
These changes are essential to the continuance of life. It was discovered 
accidentally that the same changes take place in the bones. A dyer threw 
to some domestic anim ils madder from which most of the coloring matter 
had been extracted. Some of the coloring matter, however, remained, and 
upon killing the animals which had fed upon it, the bones were found to 
be tinged with it. Hence, there must have been a deposition of the color- 
ing matter in the substaace of the bone. By varying the experiment, feed- 
ing with madder, and then, for some time before killing, withholding it, 
the bones were found of the ordinary color ; thus proving that the coloring 
matter which was at first deposited had been absorbed and removed. 

1 0. How is the OBseoQfi matter for the growth of the bones supplied ? How 
do they increase in diameter ? Why can they not increase in length in the sain« 
way ? How do they incrcafe in length I How long do the body and extremltiot 
of a bone contiaae ansolidifled ? 
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deposition of layers of bone upon the outside., similar to the 
j^ g successive rings of growth in a tree :' but their 
increase in length is by a different process. 
The ends of a bone are so much larger than 
the middle, and so different in shape, that the 
bone Would be deformed if its elongation took 
place by deposition upon the ends. There is 
therefore a special provision for growth in this 
direction. A long bone has, at least, three 
centres of ossification : one for the formation 
of each extremity, and one for the formation 
of the body of the bone. So long as the bones 
are capable of elongating, the extremities of 
the bone are always separated from the body 
of it by sections of cartilage, as at a a, Fig. 3, 
and the bone increases in length by the de- 
position of bone at the ends of the body, thus 
pushing the extremities farther from each 
other. As soon as the body has fully ac- 
quired its growth, this section of cartilage 
becomes ossified.' 
iiB<Ki£ofthe 11. A dense, tough membrane, called the 
e^treinfties* periosteum (bone envelope), surrounds the 
a ***i!ayer*^ o? boues, cxcept at their extremities. It series 
whichihe ilo to protect the bone, to supply it with its 
8^*"are^'cou' nerves and blood-vessels, and is the means by 
nected. which the ligaments, tendons, and muscles 

are attached.' 



• The experiment in the preceding note was varied by feeding^ an animal 
that was ^^rowing rapidly with madder, for a few days, and then withhold- 
ing it. The bone which was formed while the blood was charj^ with the 
coloring substance, would be more highly tinged than the bone previously 

1 1 . What ii* the perioPtenra } What pnrpoees does it serye 1 Into what Iodx 
Clftiitfet are ihe bones divided ? 
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The bones are divided into four classes: those of the 
head^ those of the trunk, and those of the upper and of the 
lower extremities. 



Section IL— Bones of the ffe€uL 

The bones of the head include those of the cranium and 
those of the face. 

I. Bones of the cranium, 

12. The bones of the cranium are comi)08ed of external 
and internal plates, and an intervening porous portion, 
answering to the hollow and the porous structure in the 
long bones, called the diplo'd. The external plate has the 

formed would become by deposition of coloring matter into the interstices. 
The bones of the animal were found, upon examination, to consist of con- 
contric laminas of more highly and less highly colored bone, showing that 
the bone was formed by succassive depositions upon the outside. 

' If too much or too severe labor be required of an individual while these 
cartilages remain, and, the body is forming, nature attempts to secure the 
system against injury by a more rapid ossification of them than would 
otherwise take place. Thus they may become bone before the body has 
acquired its full development. But it is impossible that any further growth 
of body should take place, and a dwarfed stature is the result. There are, 
however, other causes of such a stature. It may result from too little exer» 
cise in early life, or from disease, or it may be hereditary. 

* This membrane, though ordinarily possessing but little sensibility, is 
sometimes sutject to inflammation, when it becomes intensely painful The 
felon and fever sore are diseases originating in this membrane. Disease 
seldom attacks the bones directly ; but it may be communicated to them 
either from the periosteum, or from the investing cartilage where thii mem- 
brane is wanting, as in the joints. 

JStetiom MM.— "Wh&i do the bones of the head include ? Name the bones of the 
cranium. 
1 2. Of what three parts do the cranial bones consist f Describe each part. 
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FRONT VIEW OF THB SKELETON. 




Rg. 
The Skeleton consists of 201 
bones. In this enumeration the 
teeth, the hyoid bone, and the 
bones of the ear are not included. 
Certain bones in the sotnres of 
the head, and in some of the 
joints, which, though generally 
present, are not regarded as es- 
sential parts of the framework, 
are also omitted. 

KAMBB AND CUISSIFICATION OF 
TUfi BONKS. 

1. The frontal bone, . . 

3. The parietal bones, . 
8. The occipital bone, . 

4. The temporal bone?, . 
The sphenoid bone, . 
The ethmoid bone, . 



5. The nasal bones, . . S. 
The lachrymal bones, 8 

6. The tipper maxillary 

bones, 3 

V. The malar bones, . . 3 

The palatine bones, . 3 

The lower spongy 

bones, 8 

The vomer, .... 1 

8. The lower maxillary 

bone, • • • • • 1 
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Pig. 5. 



9. The vertebrae, . 


841 


A 


10. The Btemunij . 


8 




11. The ribs, . . . 


S4 


13. The oppa inno- 
minata, . • . 


3 


•3 


13. The sacmm, . . 


1 


1 


14. The coccyx, . . 


1 . 


& 



15. The scapula, . 

16. The clavicle, . 

17. The hnmeni% 

18. The libift, . . 

19. THendias, . 

391 The carpal bones, 16 

31. The metacarpal 
bones, ... 10 

38. The phalanges, . 38 



38. Thefemnr, . . 3 

U. The tibia, ... 3 

35. The ilbola, . . 3 

96. The patella, . . 3 

37. The tarsal bones, 14 

88. The metatarsal 
bones, ... 10 

19. The phalanii^s, . 38 
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BONES OF THE HEAD. 



toughness and hardness of ordinary bone ; the internal, 
called the vitreous plate, is much harder. The bones of 
the cranium are eight in number. 

IS. The frontal bone (1, Pig. 6 ; 1, 1, Fig. 7) occu- 
pies the region of the forehead, and extends from the top 
of the head forward to the eyes and nose, and laterally 
about half-way to the ears. On the forehead, the two 
plates of the bone are considerably separated fi-om each 
other^ leaving the cavities above the eyes called the frontal 
sinuses. The external plate terminates at the ridge i»pon 
which the eyebrows ai-e situated, while the internal plate 

Pfe. 6. 




Bonef of the CAnixim, (leparated. 1 The Frontal hone. 8 The Parietal hone. 8 
Occipital bone. 4 The Temporal hone. 6 The Nasal bone. 6 The Malar bt*iic, 

1 3. What ie the pituation of the frontal hone ? How are the frontal Pinnees 
formed ? Of what docs tbo orbital plate cousi:*t, and how i? it !>itnat<>d ? 
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turns backward, forming the upper part of the orbit of the 
eye. This is the orbital plate of the frontal bone, and be* 
comes the floor upon which the front lobe of the brain rests. 

14. The parietal bones (2, Fig. 6) are two square, 
smooth bones, situated directly back of the frontal bone, 
united together at the top of the head, and forming the 
highest and the lateral portions of the cranium. 

15. The occipital bone (Fig. 8 ; also 3, Fig. 6) forms, 
as the name indicates, the back part of the cranium, as 
well as the floor on which the posterior lobe of the brain 
rests. In the base of the bone is a large aperture, the 
magnum foramen^ through which the spinal cord is con- 
nected with the brain. On the under margin of this fora- 
men are two prominences, called condyles (button-shaped 
elevations), which contribute to form the joint between the 
head and spine. 

16. The temporal bones (4, Fig. 6) are two irregu- 
larly shaped bones reaching downward from the parietal 
so far as to contain the cavity of the ear, then inward to 
within an inch of each other. Above the ear they are 
very thin. The portion which forms part of the base of 
the cranium, and within which the principal parts of the 
organ of hearing are situated, is called the petrous (stone- 
like) portion, and is very thick and hard. 

They have three well marked processes : the mastoid 
process (1, Fig. 9), situated just back of the ear; the 
styloid process (2), a long, slender projection, near the 
mastoid, reaching down the side of the neck; and the 
zygomatic process (3), which rises forward of the ear, 
I)asses over the temporal muscle (4), and connects with 



1 4. Describe the parietal bones. Why are they called parietal ? 

15. What i» the meaning of occipital? How U the occipital bone sitnated \ 
What foramen is found in it ? Where and for what porpotfe are the condylea f 

16. Describe the temporal bone. Ite proceeees. 
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another process of the same name from the cheek-bone. 
Between the styloid and mastoid processes is a small open- 
ing in the bone (9), called the stylo-mastoid foramen. 

17. The sphenoid bone. (Fig. 10.) This is a bone 
of a very irregular shape, and has, with some degree of 
propriety, been compared to a bat with its wings extended. 
The body (1) is situated in the centre of the base of the 
cranium. Large processes (2, 2), called the great wings, 
extend up so far as to articulate (at 3, 3) with the frontal 
bone. There are two pterygoid processes (4, 4) on each 
side, reaching downward from the body of the bone, and 
situated directly back of the throat. They support the 
pharynx, and give attachment to several muscles of the 
neck. 

Rg. 7. Fig. 8. 




The Cranlnm a? peen from ahove. 1, 1 
The Coronal Suture. 2 The Sagit- 
tal Sutnru. 8, 3 The Lambdomal 
Suture. 



The Ocdpltal Bone. . 1 The vertici^portion. 
forming the back part of the Craninm. 
2. 2 The horizontal portion, on which the 
back part of the brain refute. 3 The Mag- 
num Foramen. 4 The rid^'e on the inner 
Bide of the bone, to which the Falx Cerfj- 
belli i9 attached. 5. 5 The ridge to which 
Tentorium is attached. 



18. The ethmoid bone (sieve-like) has a nearly eu- 



1 7. Describe the sphenoid bone. 



18. Describe tbe ethmoid bone. 
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bical form, and id situated between the orbits of the eyes, 
directly in front of the body of the sphenoid bone. The 
upper plate is riddled with holes, which give passage to the 
branches of the olfactory nerves, and the lower portion is 
cellular, reaches down into the nose, and is an important 
part of thfe organ of smell. 

!•• The cranium, consisting of the eight bones which 
have now been described, has an ovoid form, flattened at 
the sides, and with the larger extremity backward. (Fig. 7.) 
In the base there are on each side three depressions, called 
the anterior, middle, and posterior /o^^cp. 

20. The head of an adult person seems to consist of but 
one bone. In early life, however, the eight bones are not 
only distinct, but they are separated by a considerable width 
of cartilage (as seen, though with some exaggeration, in 
Pig. 6). The portion of cartilage which covers the soft 
spot on the top of the child's head, remains unossified for 
several years. This intervening cartilage, like that which 
separates the body and epiphyses of the long bones, is de- 
signed to provide for the growth of the cranium, as the 
inclosed brain requires increase of size. When the growth 
of the brain is completed, the ragged edges of the contigu- 
ous bones nearly touch, and the projecting fibres interlock 
(as represented in Fig. 7) in such a way as to make an im- 
movable and very firm joint, called a suture. Yet the 
bones do not then come into actual contact ; there is still an 
interposed layer of cartilage till after the meridian of life, 
when the cartilage begins to ossify, and the several bones 
of the cranium are at length consolidated into one. The 
coronal suture (1, 1) separates the parietal bones from 
the frontal bone ; the lambdoidal suture (3, 3) sepa- 

1 9 What ie the form of the craniam ? Describe the base. 

%fi. What is a satnre ? Why are not the bones Joined firmly together in early 
life r When do the ^iitBm become obliterated T Name the principal satarea, 
and give their position. 
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rates the parietal bones from the occipital bone. The 
sagittal suture (2) separates the parietal bones. The 
squamous sutures separate each temporal bone from 
the adjacent parietal bone.' 
21. Various parts of the system are designed, more or 




1 Tho MMtoid Proce»8. 3 The Styloid ProcePR. 8 The Zygomatic Process. 4 
The Temporal Mascle, pa^xin? under the Zygomatic ProceM>. aud inserred Into 
the Coronoid Procesp, 5. of the lower maxillary bone. 7 The Condyloid Pro- 
ce88 of the lower maxillary. 8 The Sar. 9 the Stylo-mastoid Foramen. 



* There are sereral other sutures in the cranium, bat they are not easily 
described without a skeleton. 

The coronal suture is so named " from being near the part upon which 
the victor's crown (corona) was placed, in the games of the ancients ;" the 
lambdoidal, from its resemblance in form to the Greek letter lambda ; the 
" sagittal, from its direction backward, straight as a dart" {sogftOy an ar- 
row) ; the squamous {sqitcma, scale), from the scale-like overlapping of 
the temporal upon the parietal bone. 

31. Name the four ways in which the cranium protects the braUi against 
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less directly, to protect the brain, but the cranium has this 
as its special object. The brain is a soft, yielding mass, 
and would be easily broken down and destroyed if it were 
not well protected. The substance of which the cranium 
consists, furnishes, by its hardness, a better protection than 
any other tissue would. The back of the head is most 
exposed to injury, either from accident or from malicious 
design, and accordingly the cranium has hero the greatest 
thickness, while the sides of the head, which, in conse- 
quence of the position of the arms and shoulders, could 
scarcely receive any injury, are so thin as to be almost 
transparent. The arched form of the head enables it 
to resist the effect of blows more successfully than any 
other form. Pressure upon the top of the head would 
cause it to yield first at the sides, and this is prevented by 
the temporal bones coming up outside of the parietal, 
forming the squamous suture. 



Fig. 10. 




The Sphenoid Bone. 1 The body. 2, 3 The win^. 4, 4 The Pterygoid Pro- 
cesses. 5, 5 The superior Foramen Laceram. 



But violent jars and concussions are more likely to be 
permanently injurious than wounding the brain, or even 

wonnds. In what, other way may the brain he injured ? How are concussions 
ahi*orbed before r< aching the bone ? How in passing through the bone ? How 
is their continuance around the head prevented ? How many bones compose 
the face ? 

2 
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removfng portions of it. The cranium is well fitted to 
furnish protection in this respect also. It is covered with 
hair, with the general integument of the body, with mus- 
cles oyer a portion of its surface, and with the periosteum, 
through all of which the violence of concussions must ex- 
tend before the outer plate of the cranium is reached. 
Then, between the external and internal plates, is inter- 
posed an elastic cushion, the diploe, by which concussions 
upon the outer plate will be partially absorbed before 
reaching the inner plate. Vibrations communicated to 
any one bone are prevented from continuing around the 
head by the cartilages interposed at the sutures.** 

//. Bones of the face. 

The face is composed of fourteen bones, two of which 
are single, the other twelve are in pairs. 

Fig. 11. 




A vertical section of the honee of the face, a little forward of the care. 1, 1 Lower 
spongy bones. 2, 2 The middle spongy bones. 8, 8 Superior spongy bones. 
4 Ant.mm MnTillArA. 



4 Antram Maxillare. 

*° The cranium presents a fine instance of the adaptation of the system 
to the circumstances in which it is placed at the different periods of life. 

In early infancy the cartilages are so wide and flexible that the form of. 
the head may be considerably changed without injury, a fact upon which, 
at certain crises, the continuance of life often depends. 
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22. Tlie nasal bones (5, Fig. 6) form the upper part 
of the nose, and articulate with the firontal and upper 
maxillary bones. 

23. The lachr3rmal bones (8, Fig. 6) are situated in 
the orbits of the eyes, near the internal angle. They con- 
tain grooves for the passage of the lachrymal ducts, from 
which the bones receive their name. 

24. The upper maxillary bones (7, Fig. 6) form a 
large part of the mouth and face. They inclose the large 
space on each side between the orbit of the eye and the 
roof of the mouth (4, 4, Fig. 11), called the antrum max- 



Children are constantly receiving falls, blows, and thumps, in conse- 
qnence of the incautiousness and recklessness natural to that period of 
life, which would be unsafe at a later period, but which seldom injure the 
brain, because the cranium is yet in so yielding a state as to absorb th6 
motions which they impait. But while nature has thu& inf^rposed to pro- 
tect the child, in a ^reat measure, from the evils which his inconsiderate- 
ness would otherwise bring upon him, there is still a certain amount of 
care required on his part. The various plays, such as ball, goal^ etc., which 
combine amusement and exercise, are therefore greatly preferable to tricks, 
summersets f wrestl'mg^ etc.. 

In manhood, t^e cranium remains in part cartilaginous, not so much so 
as to unfit one for the vigorous activities of life, and yet so far so as to 
interpose something of security against accidents. This security is much 
less, however, than it was in childhood ; because a greater degree of care- 
fulness and forethought has rendered such security less necessar}'. 

In advanced life, the cartilages all become ossified ; but at this period 
of life, also, severer labors are l:«id aside, and cautiousness of character 
begins to predominate, so that the brain needs fewer safeguards. 

This is probably a reason why ag^d persons are often so averse to noise, 
■ to the prattle of children, etc. It may bo peevishness, seoxmd childhood. 
It may, often probably does, ari-^e from those physical changes in the 
structure of the cranium, by which the brain is affected sensibly, perhaps 
painfully, by the vibrations of the air. 

22. DeBCribe the nasal bone. 
2 3. The lachrymal bone. Why is it po named ? 

24. Describe the upper maxillary bone. Where is the antrum mazillare eitn* 
ated ? Name and describe the five processes of this bone. 
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illare. These bones have several processes. The nasal 
process passes up along the side of the nose to the frontal 
bone ; the orbitar process forms the base of the orbit of 
the eye; the malar process articulates with the malar 
bone ; the palatine process forms the fore part of the roof 
of the mouth ; the alveolar process is the projection in 
which the t^eth are imbedded. 

25. The malar bones (6, Fig. 6) ar^ the large square 
bones which form the prominences of the cheeks; they 
also form part of the orbit of the eye. 

26. The palatine bones form the back part of the 
roof of the mouth. Processes extend up from these bones 
into the nose, and form part of the organ of smelling. 

27. The lo-wer spongy bones (1, 1, Fig. 11) consist 
each of a very thin plate, which lies rolled up, and is at- 
tached to the side of the antrum maxillare. 



Fig. 12. 




The Lower Jaw. d The Condyloid Process, e The Coronoid Process. 

28. The vomer is the thin flat bone that divides the 
nostrils from each other. 

25. The malar bone. 

26. The palatine bone. 

27. The lower spongy bone. 

28. The vomer. 
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29. The loiter maxillary bone (9, Fig. 6) forms the 
lower jaw. It has three processes: the alveolar process, in 
which the teeth are set ; the coronoid process, which is the 
sharp point at the extremity of the bone {e, Pig. 12) for the 
insertion of the temporal muscle ; and the condyloid pro- 
cess {d)y by which the lower jaw articulates with the tem- 
poral bone. j^^ 13^ 

30. There is one other bone, the OS 
hyoides (Fig. 13), which, though not 
one of the bones of the face, may be 
described with them. The front part 
of this bone (a), called the body, is at 
the root of the tongue. The two pro- 
cesses (b), called its comua, reach back The hjom \wnZ a The 
on the sides of the tubes which com- ^^' * Thecomua. 
municate with the stomach and lungs. This bone is the 
centre of all the motions of the throat and tongue. 




Section III. — Bones of the Trunk. 

They are the bones of the spine, of the thorax, and of 
the pelvis: 

I. Bones of the spine. 

31. The spine (Fig. 14) is a nearly vertical column, 
consisting of the sacrum (4, 5) as its base, upon which are 
piled twenty-four bones, called vertebrae, and below which 
is the small terminal bone (5, 6), called the coccyx. The 



29. The lower maxillan- bone. Dencribe its proce^Bee. 

30. What other bone is described T How iei it eitnated, and what is its nse f 
Sect f on MMM.—Uow are the bonep of the tmnk divided ? 

8 1 . Def>cribe the dpine. Into what three classea are the vertobra divided, and 
how is each clase eituated f 
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fieven highest vertebrae (from 1 to 2) are in the neck, and 
Ape hence called cervical vertebrae; twelve are in the back 
^from 2 to 3), and are called dorsal vertebrae ; and the re- 
maining five (from 3 to 4) are in the loins, and are called 
inmbar vertebrae. 

a. A trertebra (Fig. 15) is composed of a body and 
seven processes* The body (a) is the front part of the 
vertebra, of tjylindrical form, and of spongy texture, hav- 
ing its uppa* and lower bases nearly flat, and composed of 
more solid bone. The processes are situated on tue back 
part of the body of the vertebra. There are four oblique 
processes {b J), (sometimes called articulating processes), 
one above and one below, on each side. The transverse 
processes {dd), one on each side, project laterally fro;n 
between the oblique processes. The spinous process -(e) 
projects from the middle of the bone backward. 



Pig. 16. 





The body of a Cervical Vertebra. 
2 inie canal. 8. 8 The obliqne 
proceBses. 4 The Bpinoni* pro- 
cess with its cleft extremity. 



a The body of a Vertebra, e The spinous 
process, d d The t ransverse processes. 
Ob The oblique processes. / The spinal 
caoal. 



32. Of what is a vertebra composed ? Describe the body of a vertebra. Where 
in-e the processes sitnated ? How many kinds aie there f Give the position of 
the oblique ; the tiansverse ; the spinous. 
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33. The vertebrae, in different parts of the spinal column, 
present great differences of form. The bodies of the cervi- 
cal vertebrae (Fig. 16) are small, and so articulated as to 
allow great freedom of motion. The atlas (Fig. 17) is 
the first cervical vertebra. There are two faces {b h) on 
the upper side, adapted to the condyles of the occipital 
bone of the cranium; these constitute the joint which 
allows the vertical, nodding motion of the head. The pro- 
cesses, with the exception of the transverse, are scarcely 
developed. It has, properly, no body ; but, in its place, 

Fig. 18. 




The A tlae. b b The deprespiong for 
receivin^r the condyles of the oc- 
cipital bone, cc'fhe transverse 
procesBCP . Between / a n d / i p a 
ptron^ ligament by which the 
dentatnp is prevented from press- 
ing upon the spinal marrow. 




The Axis, a The dentatnp, a pro- 
lon^tion of the body upward 
thronsrh the bole g^ in the Atlas, 
Fig. 17. 



there is a hole {g) — or rather, an enlargement of the spinal 
canal, and separated from it by a strong ligament — for the 
reception of a process from the next vertebra below. 

The second vertebra of the neck is called the axis. 
The body of this vertebra is prolonged upward into a 
tooth-like projection (a, Fig. 18), called the dentatus, 
which is fitted to the corresponding opening (^) in the 



33. What is the peculiarity of the cervical portion of the ppine? Describe the 
atlan; the axis. WJiat is the pecnliarity of the dorsal portion? What of the 
Inmbar vertebrae? What is the arran&rement of the obliqne procespes of the lum- 
bar vertebne ? Why is any ppecial protection necessary in this part of the spine ? 
In what does this protectiou cout»ist ? What part of the spiue is most liable to 
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atlas, and becomes the pivot on which the horizontal mo- 
tions of the head are performed. 

The dorsal vertebrae (Fig. 19) are larger than the cervi- 
cal, and the oblique processes are so arranged as to allow 
of but little motion in this part of the spine. The spinous 
processes also, which are very long, project downward upon 
the next vertebrae, so as to bind them together, and limit 
their motions to a very small amount 



Hg. 19. 



Fig. 20. 





A Dorsal Vertebra. 3 The 
body. 7, 7 The notches to 
form the intervertebral fora- 
mina. 8 The spinone pro- 
cesK, very long and very much 
inclined. 



A Lnrabar Vertebra, a The body, b The 
spinous procei»s, e c The articulating 
(oblique) processes. ddThe interver- 
tebral notches. 



The lumbar vertebrae (Pig. 20) are the largest in the 
spine. The upper oblique processes (c) form two pillars, 
between which are fitted so deeply the lower oblique pro- 
cesses from the next vertebra above, that dislocation is 
impossible without violence suflScient to break the pro- 
cesses. In this part, the spine, which has to support most 
of the weight of the body, is not assisted by any other part 
of the skeleton, and very free motion being required, every 
possible means is resorted to, to increase its strength, by 
increasing the size of the vertebrae, by binding them to- 
gether with ligaments, by interlocking their oblique pro- 
cesses, and by attaching muscles, which act as stay-ropes, 
to the projecting spinous and transverse processes. Still, 
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this is the least protected part of the spine^ and most fre* 
quently suffers injury. 

34. The faces of the adjacent vertebraB do not come into 
actual contact^ but are separated by the intervention of an 
elastic substance (2, Fig. 21) resembling cartilage. 

85. The notches in the vertebrae, as seen at 7, Fig. 19, 
form, when the vertebrae are placed together, the openings, 
as seen at 1, Fig. 21, called the intervertebral fora- 
mina, through which the spinal nerves pass out from the 
spinal cord. 

36. The processes are so arranged that a tube (f. Fig. 
16) passes through each vertebra, and as the bones are 
placed one upon another, these tubes become continuous 
through the spinal colunm, and form the spinal canal 
{cd, Fig. 14), in which the spinal cord is lodged. 

37. The spine serves several distinct purposes. In the 
first place, it is the framework, the axis of support of 



Kg. 21. 



1^.22. 





Fie. M. Two Vertebne 8 8. S Tbe interveitelwal robetonoe betwee^^ 
The intervertebral foramen. Fig. £2. Two Vertebne, with the form of Uie 
intervening cartilage produced by bending the gpine. 

34. By what are the vertebrae separated? 

85. How are the intervertebral foramina formed T What is their use ? 

36. How iB the spinal canal formed ? What is its object ? 

37. What la the first purpose whicb the vertebral column serves^^ What a the 
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the trunk." For this purpose, great firmness is required, 
the general provisions for which have been referred to in 
describing the lumbar vertebrae. 

In the second place it must be so constructed as to al- 
low great freedom of motion. The provision for bending 
the body backward, forward, and to either side, consists in 
the elasticity of the intervertebral cartilages. Bach carti- 
lage is firmly attached to the faces of the vertebrae between 
which it is placed, so that motion (excepting in the upper 
two joints) is not performed by the surfaces sliding upon 
each other, but by the compression of the cartilage on the 
other side (2, Fig. 22) toward which the flexion is made, 
and the slight thickening (1) of the same cartilage on the 
opposite side. The number of tue joints is so great that 
the necessary flexibility is secured, while only a slight mo- 
tion at any one joint is required. When the body is turned 
horizontally without changing the position of the pelvis, 
the motion is performed by a slight twisting of the carti- 
lages; but this kind of motion is very limited." 

" It should not, however, be considered that the support which the 
head and trunk require is derived wholly from the firmness of the spine. 
The spine follow* the back side of the trunk, and on the front side there 
is a succession of muscles from the neck to the pelvis. As the spine would 
prevent an undue bending of the trunk forward, so these muscles will not 
so far yield as to allow of an undue bending of-the trunk backward. 

Moreover, as the whole space within the walls of the chest and abdomen 
is always filled, the trunk is, to a considerable extent, self-supporting ; up- 
on the same principle that a bag filled with grain will stand erect and sup- 
port heavy weights in addition, though neither the grain alone nor the 
cloth alone, would retain such a position. 

'' There is an obvious tendency of the cartilages to resume their natural 
form when they have been pressed out of it ; l)ut they do not do it at once. 
A person's height is diminished during the day by continuous pressure upon 

second ? How ire the mottonsol fleinou pertornxed ? How .s horizontal motion 
performed ? What is the third object of the spinal column? What are the lia- 
bilities to be provided against ? What is the security against compreMion of the 
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In the third place, it must be so constructed as to fur- 
nish a passage for the spinal cord, which shall secure it 
against injury both from without and from the motions of 
the spine. So large a proportion of the spine consists of 
bone, that the walls of the canal will resist any compres- 

Fiff. 24. 





Dlptorted Spiue prodnced by 
habitual elevatioa of oue 
shoulder. 



1, t Two vertebrae. 8. 3 The correppond- 
ine !*ninon» proceetiefl. 2 The interver- 
tebral cartilage. 



the cartilages. It is recovered, however, during the night. But if they be 
thus pressed habitually, they do not readily react ; and there is danger that 
they will at length cease to react at all. A constrained position thus habit- 
ually assumed is liable to produce a permanently distorted spine. Per- 
sons engaged in any employment which requires the spine to be thus bent, 
should assume the erect or opiK)site position as frequently as possible. 

Persons often raise one shoulder (generally the right shoulder) habitu- 
ally higher than the other. The active employments of life often require 
it. Children at school, if the tables are too high, will sit with the side at 
the table, and one arm elevated upon it. This position may be rendered 
necessary by the employment chosen ; but more frequently it becomes un- 
necessarily fixed as a habit, through inattention. A permanent inequality 
of the shoulders is thus produced, the spine becomes bent (Fig. 23) to adapt 
it to this position of the shoulders, and a corresponding change in the posi- 
tion or the mtemal organs, often leading to disease, will follow. Special 
attention is directed to this deformity, because it is contracted by a large 
^3roportion of persons who have reached mature life. And young persons, 
by careful attention, will be able to correct the tendency to it. 

spinal cord ? What against Ihtctore of the epinal column ? What agahist iujary 
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sion to which it is ever liable. The flexibility of the spine 
and the toughness of the cartilages render it much more 
secure against fracture than it would be if it consisted of 
solid bone. The only danger, then, to which the spinal 
cord could be exposed, must arise from the bending of the 
spine. The security here consists in that part of the canal 
which is formed of cartilages (SJ, Fig. 24) being larger than 
that formed by the bodies of the vertebrae (1, 1). Compres- 
sion of the cartilages may cause them to bulge out beyond 
their natural position ; but it will not be to such a degree 
as to make those portions of the canal smaller than the 
portions which are formed of bone. 

In the fourth place, the spinal column affords considera- 
ble protection to' the brain against the concussions which 
it would receive, if the head were connected with the lower 
extremities by an axis of solid bone. The jar occasioned 
by walking and by many active employments, as well as 
the more violent concussions occasioned by accidents, by 
running, jumping, leaping from great heights, etc., are, to 
a considerable extent, absorbed by the compression of the 
intervening cartilages. But another and very important 
security against injury from these sources, is the curvature 
of the spine. By recurring to Fig. 14, it will be seen that 
there is a forward curve in the loins, and one in the neck, 
and these being the most flexible parts of the spine, easily 
allow an increased bending for a moment, whenever any of 
these concussions occur. Such bending would not take 
place in a straight column, and whatever force is necessary 
to produce it, would, without those curvatures, be so much 
additional concussion upon the brain. 

II. Bones of the thorax (Fig. 25). 

Xo ihe Bpinal cord, by the flexion of the spinal column ? What is the fonrth ^ject 
of the ppinal column y What does it protect the brain ai^inat ? How do the car- 
tilages furnish this protection ? How do the curvatures t 
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They are the ffternum and the nbs. 
88. The rtemiim (Fig. 2G) is the flat bone situated on 
the front side of the thorax. It is about eight inches in 



Fig. 25. 



Fig. 46. 





The Thorax. 6&TheSpiue. a The Steraam. The Bternnra. From e to 0^ is 

the middle portion of bone. 
The apparent Keparntion at 
d and « GO not indicate sep 
laie bone». 

length, and consists of three pieces, of which the lower one 
is cartilaginous, except in very old age. Its object is to 
provide for the joining of the ribs, and to protect the cavity 
of the thorax from compression. 

39. The ribs tFig. '27) are the twenty-four "slendei* 

. \ f > . '^ ' • -.. * ^«t. ^ • - • ... 

88. Deecribe the Ftemnm. What is its use ? 

89. Describe the rib». How are the tme and false ribs diatingaiahed t 
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bones which protect the sides of the thorax. They extend 
from the spine around the body toward the sternum, and 
are lengthened out by cartDage to their sternal articulation. 
The upper seven on each side articulate with the sternum 
by separate cartilages, and are called true ribs. The re- 
maining fiye have their cartilages united into one, and are 
called false ribs. Frequently, however, the lowest rib, and 
sometimes iAie lowest two ribs> are not connected to the 
sternum by cartilage, and are called floating ribs. The 

i^ig. 27. 




One of ihe Rib9. a Articalation with the vertehra. e Articnlatiaii 
iHth the Tnmisveive I'rooeeeee. 

posterior end of each rib is fitted to a slight cavity in the 
corresponding vertebra^ and is also attached by a distinct 
joint to the end of the corresponding transverse process. 
The ribs are considerably inclined, so that the anterior 
articulation is lower than the posterior. 

40. One object of the bones of the thorax is the pro- 
tection of the heart and lungs, the organs which they sur- 
round. 

But they have another object more indispensable, that 
of forming a cavity the size of which is not dependent upon 
the organs which it contains. The abdomen is another 

40. What are the objects of the bones of the thorax f How does the cavity ot 
the thorax differ from that of the abdomen t Upoti what does the procesa of nih 
ptratioh depend t Of what is the pelvis composed ? 
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closed cavity, similar in many respects to the thorax, but, 
being surrounded only by muscles and membranes, it en- 
larges and contracts as the organs within it are more or 
less distended. The thorax, on the contrary, having its 
general form determined by a framework of bone, cannot 
contract beyond a certain amount, however much the or- 
gans within may become reduced, and it is capable of en- 
largement independently of the dimensions of the organs 
within. 

It is the power of enlarging and contracting this cavity 
at pleasure upon which the process of respiration depends." 
When it is enlarged the air enters the lungs, and they in- 
crease in size so as to keep the cavity filled. The effort to 
contract the thorax compels a portion of the air to escape. 
This ingress and egress of the air is respiration ; but there 
are important chemical changes effected by it which, as 
well as the muscular apparatus by which it is performed, 
will be explained in connection with the description of the 
lungs." 

** It will be shown, in the chapter on the circnladon, that the motion 
of the blood in the veins is also in a great measure dependent upon these 
changes in the dimensions of the thorax. 

" This is not the proper place to consider fully the effects of certain 
habits of dress upon the function of respiration. There is no question 
but that the form may be to a great extent controlled by dress. The 
thorax, which, if allowed to take its natural form, would be represented 
by Fig. 28, may, by compression, be so reduced as to be correctly rep- 
resented by Fig. 29. 

And the effects of this compression upon health and the duration of 
life are necessarily considerable. The greatly reduced capacity of the 
chest is itself of the nature of disease, and it contributes more perhaps 
than any other habit to invite other diseases, particularly those of a pul- 
monary character, but also the whole train of dyspeptic and nervous 
diseases. 

But the influence of habit is not easily counteracted by exhibiting its 
.consequences. A slender waist is regarded as graceful, and so long as it 
is so regarded^ it will be sought even at tho expense of health. If a taste 
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III. Bones of the Pelvis. 

The Pelvis is composed of the ossa innominata, the sa- 
crum, and the coccyx. 

for more active employment could be cultivated, it would control this 
fashi >n, by rendering so much compression unendurable. Let haoits of 
productive industry be formed by those to whom the avails of ii would 
not be a motive. Such habits are important, not simply Irom the possi- 
bility that they m^iy come into requisition by reverses of fortune, but 
specially so, in consequence of the influence which they would have in 
giving a proper development to the physical as well as mental and moral 
system. But if these are to be discarded, the only substitute for them, so 
far as a healthy physical development is concerned, is to require a lai^ 
amount of active out-bf-door life, such as travelling, walking long distances 
in the open air, riiing on horseback, etc. Such active habits, whether 
they be those of amusement or of productive industry, require a large 
supply of air in respiration, and it will be natural and almost necessary 
to adapt the dress to this demand. 



Fig. 28. 



Kg. 29. 





A fully developed Cheet. 



Che^t contracted by comprcPBion. 



Still, sinoe this habit of compre^'sinqr th*^ thor-ix prevails to such an 
extent, it is proiKir to remark that other habits of cultivated society, h^w- 
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41. The sacrum and coocjrx: have before been in- 
ferred to as forming the lower part of the spine. They 
also constitute the bacJt part of the pelvis (2 aod 3, Fig. 30). 

Fig. 30. 




The Pelvis. 1 The illnm. 2 The Pacrum. 8 The coccyx.- 
4 The acetabalum. 

ever objectionable they may be in themselves, are, to some extent, com- 
pensatory of the evils of tight dressing. The capacity of the thorax — 
that is, the amount of respiration — which would be necessary in one state 
of society, would be altogether unnecessary in another. The habits of 
women in the most refined society of the age when the Venus de Medici 
was the beau ideal of female form, were such as to require a much fuller 
development of the thorax than would be required by the habits prevail- 
ing in the corresponding ranks of society at the present time. A lady, 
whose severest employments are embroidery and romance readmg, re- 
quires but little air in respiration, and therefore only a small chest. 

Also, the different pursuits and coudit'ons of men render the amount 
of air required very diflFerent. An insufficient amount of clothing, expo- 
sure to severe and long continued cold, and the most active physical 
labor, require of the sailor, of the hunter, of the backwoodsman, and even 
of the farmer and the laborer in many mechanical employments, such a 
development of the thorax, and such an amount of air in respiration, as 
would be not only unnecessary but hurtful to the laborer in the more 
sedentary mechanical employments, to the student, the clerk, the merchant, 
and the professional man. 

41. Why are the sacrum and coccyx mentioned in this connection ? 
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42. The ossa innotafnata (bones without a name, 
Fig. 30), are two irregularly-shaped bones, proceeding from 
the sacram, one on each side and meeting in front Each 
bone, from having been in the early stages of ossification 
in three pieces, is generally spoken of as three bones, the 
ilium, which is the upper part (1) ; the ischium, which is 
the lower part ; and the pubis, which is the front part 

43. The pelvis furnishes the vertical support for the 
abdominal viscera. It also gives support to the spine, and 
hence to the head and trunk. The pelvis furnishes the 
means of attaching the lower extremities. For this pur- 
pose, it contains a large socket on each side (4, 4^ Fig. 30), 
called the acetabulum. The ilium, ischium, and pubis, all 
unite at the centre of this socket, and contribute to form it 



Section IV. — Bones of the Upper Extremities. 

They are the scapula, clavicle, 
bones of the arm, forearm, and 
hand. 

44. The scapula (Fig. 31) is a 
broad, tliin bone, of a triangular 
shape, and lies imbedded in the 
muscles of the back. Near its outer 
angle the bone becomes thick and 
terminates in a slightly concave 
surface (1, 1), called the glenoid 

cavity. The coracoid process (2) ^ „ , . . ^v , .. 
rises irom the neck of this cavity cavity. 2 The coracoid pm- 

j . , ., . i. , rr,^ <^*'*^* 8 The ppinoof thc Bcap^ 

and projects over it m front The nla. 4 The acromion. 

42. Describe the oesa innomlnata. Why have the three parts distinct names T 
Wliat are the three parts, and how are they sttaated ? 

43. What are the three aees of the pelvis ? How does it ftimiFh the means of 
attaching the lower extremities ? 

Seeiion /F*.— What are the bones of the upper extremities ? 

44. Deetcribe the Bcapula : the glenoid cavity ; the two processes of the scapula. 
How is the socket for the shoulder joint formed ? 
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Fig. 33. 



high ridge of bone (3) on the back of the scapula, is called 

the spine of the scapula. It terminates in a process (4), 

p. called the acromioD (point of 

the slioulder), which reaches 

beyond the glenoid cavity on 

d^ ^~^ the back side. The socket for 

Tne Clavicle, «, Ite articalation Mlth 4.1.^ flU/M-.!/^/^- •;/%:v«4- ^a i^r^^T^^A 
the «eruam, rf, iw ariiculaiiou with the ShOUldcr JOlUt, 18 tormed 

tueBuouider. y^^ ^^^ gknoid cavitj, raised 

at its edges by cartilage, and protected by the coracoid pro- 
cess and the acromion. 

45. The clavicle (Fig. 32, ^^ ^ 
seen also in Fig. 25) extends from 
the upper extremity of the ster- 
num, to the acromion of the scap- 
ula. Its use is to brace the scapula 
back, and prevent the shoulders 
from falling in toward each other, 
BO as to restrict the motions of 
the arms." 

46. The huxnerns (Fig. 33) 
extends from the shoulder to the 
elbow. The upper extremity is 
received into the glenoid cavity to 
form the shoulder joint. The bone 
is nearly cylindrical except at the 
lower extremity, where it is flat- 
tened ; and the corners of it (5 and 
6), are the external and internal 
condyles. Between these condyles 

^ „ .on the front side is a depression, ^ 

ThcHumemfl. i „ , , , . ., ', ,^ ^ 

The shaa. 2 called the lesser sigmoid cavity, Tije Wpa. « 

The head fit- , , , ., ,. ., ^*^« P^P?"?.*d 

tedtotheRien- and on the back side, directly cavity, ft ih© 

old cavity. 5. 6 , . . ., -, . coronoid pro- 

Kxternai aift oppositc, IS a Similar depression <**'**«». «^*»« 

Internal con- t, ^ / . . . , . , oieciaiion. 

dyiea. called the greater sigmoid cavity. 
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Fig. 36. 



47. The bones of the fore arm are the ulna (Fig. 34), 
and the radius. They reach from the elbow to the wrist, 
and ai*e nearly parallel. The 
^' ' upper extremity of the ulna, the 
^|^ point of the elbow (e) is the 
K ^ olecranon. A little lower on 
l^rf the front side of the ulna (b) 
§1 is the coronoid process, and 
fl the sigmoid cavity of the ulna 

■■ (a) is between these processes. 

This cavity receives the lower 
extremity of the humerus to 
form the elbow joint When 
the elbow is bent to a sharp 
angle, the coronoid process falls 
into the lesser sigmoid cavity of 
the humerus and prevents any 
further flexion. In like manner, 
when the arm is straightened, 
the olecranon fits into the great- 
er sigmoid cavity and checks the Bones of the fore am. 
i.- • XI i. J. i.- 1 The ulna. 9 Th« 

motion in that direction. 



The Badias. 



The radius (Fig. 35), at its 
upper extremity, has a small 
protuberance (3, Fig. 36), which 



Th« 
raMius. 8. 4 The con- 
dyles, which, with 
the corre8pondiiig 
cavities, form the 
joint for the rolling 
motion of the hand. 



" The clavicle is ftiUy developed only in the bnman species, though it 
is found in a rudimentary state in such other animals as the cat, squirrel, 
and monkey, which use the fore feet, to some extent, as hands. In those 
animals which use the anterior extremities only as organs of locomotion, 
motion is required in only one direction. These extremities are in such 
animals brought near togt ther, and the clavicle is therefore entirely wanting. 

45. Describe the clavicle. What i«» its nee ? 
■ 46. Deecribe the hamems. Describe the condyles and cavities of its lower 
extremity. 

4 7. What are the bones of the fore arm ? How are they sitnatcd ? How is the 
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Fig. 37. 



is fitted to a slight depression in the nina. In the same 
way the ulna is attached at its lower extremity (4) to th^ 
radius. Tlie ulna, in consequence of the hinge joint at the 
elbow, can have no rolling motion, but the radius in conse- 
quence of this double joint (3 and 4) is capable of i)er- 

forming nearly half of a revo- 
lution, and as the wrist is not 
articulated with the ulna but 
with the radius, the rolling 
motion of the radius carries 
the hand with it The mo- 
tions of pronation and supi- 
nation of the hand, depend 
therefore upon this double ar- 
ticulation of the radius and 
ulna." 

48. TliQ bones of the 
Hand. The wrist is formed 
of eight carpal bones (1, 1, 
Fig. 37); the hand by five 
metacarpal bones (2, 2), and 
the thumb and fingers by the 
five bones in each of the first 




The Hand. 1 , 1 The carpal bone?, 
2 The metacarpal bones. " " 
6, 5 Phalanges. 



9, 
8,8. 4,4. 



" The extent of motion of this kind of which any person's hand is sus- 
ceptible is easily determined by trial. Expose the fore arm, and hold the 
elbow so that there shall be no motion of the humerus, then see how far 
the hand can be made to rotate. In young persons it will often be three 
quarters of a revolution ; but the utmost possible amount should not often 
be attempted. The movement of the radius will be distinctly seen, though 
enveloped in muscle and integument. 

Pigmold cavity of the ulna formed, and what is its use t What are the processes 
above and below this cavity ? What limits the motions of the elbow joint for- 
ward t How are they limited backward ? Describe the articulations of the radius 
and ulna. What is the object of this mode of articulation ? Why cannot the roll- 
ing motion of the hand be performed by the elbow joint ? 
48. Describe the boucs of the baud. 
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and second plialanxes (3, 3 and 4^ 4), and fonr bones (5, 6), 
in the third phalanx. 

49. In the structure and use of the superior extremities, 
there is a broad anatomical distinction between man and 
the inferior animals. In all other animals, they are designed 
to be used, more or less, as organs of support and locomo- 
tion, and this use renders them less fitted for the special 
uses, to which they are appropriated in man, that is, as 
organs of touch and prehension. 

Their peculiar adaptation to these purposes consists it 
their length, in their slender form, in the freedom of mo- 
tion of which they are capable at all the joints, particularly 
those of the shouldera, in the extent of pronation and 
supination of the hand, in the degree of separateness given 
to the fingers,, in the position of the thumb, which is 
directly opposed to the fingers, in the muscular power of 
the thumb, which nearly equals that of all the fingers, and 
in the great delicacy of the sense of feeling in the hand, 
and particularly at the ends of the fingers. 



Section V, — Bones of the Lower Extremities. 

These are the femur, the tibia, the fibula, the patella;, 
and the bones of the foot 

50. The femur (Fig. 38) has, at its upper extremity, 
three well marked prominences. The first is the highest 

49. What dihtinction is mentioned between the anatomy of man and the infe- 
rior animalB ? What are the aetep to which the upper extremities, in man, are 
principally nibeervient ? To what uf»ee are the correppondinj? organs pnt in other 
animals ? Why must they be less perfect than in man as organs of prehension 
and tonch ? They are adapted to these pnrposes in man by peculiarities in eight 
respects ; what are they ? 

AVcficMt r*. —What are the bones of the lower extremities? 

50. Describe the femor. 
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riff. 38. 



I 



part of the shaft of the bone (4), and is called the trochan- 
ter major. The next is the head of the femur (3). It sets 
off from the axis of the 
femur about three inches 
on a neck of bone, and 
terminates by a spherical 
surface which is received 
into the acetabulum, to 
form the hip joint The 
third eminence (2) is the 
trochanter minor, situ- 
ated on the interior side 
of the femur below the 
neck. On the posterior 
face of this bone for about 
two thirds of its length, 
is a rough ridge called the 
linea aspera. The infe- 
rior extremity of the fe- 
mur presents a large ar- 
ticulating surface for the 
knee joint. This surface 
(7) is divided behind by 
a deep groove into two 
portions, called the exter- 
nal and internal condyles 
(5 and 6). 
61. The tibia and fibula (Fig. 39) 
te'rnaT aiid jnternai ^re two parallel boucs reachinff from the 

condyle?. 7 The ar- ■t' r^, , ^ , /-,\ 

ticuiatingFurface for knee to the ankle. The largest bone (1) 

the knee joint. . x -.. \a 

IS the tibia. Its upper extremity presen ts 
a large surface for the articulation at the knee. The lower 
extremity articulates with the astragalus (the central bone 

5 1 . Deeicribe the tibia. How \» the ankle joint protected ? 



:J 



m 



The Femur. 1 The 
Hhatt. 2 The tro- 

. clmnter minor. ^8 
The head of the fe- 

•: mur. 4 The trochan- 
ter major. 5. ft Ex 



1 The Tibia. 5 The 
Fibnla. 2, 3 The 
external and in- 
ternal roalleolna. 
4. 7 Articulating 
surface?. 
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of the ankle) to form the ankle joint; and a process of the 
tibia (3), called the internal malleolus, extends down the side 
of the astragalus to protect the joint 

52. The fibula (5) articulates with the head of the tibia- 
just below the knee joint, extends on the outside of the leg 
to the ankle joint, and terminates in the external malleolus 
(2) at the side of the astragalus. 

53. The patella is a flat circular bone about two inches 
in diameter, situated in 
front of the knee joint 
(Fig. 40). As the knee 
joint is one of the most 
exposed in the system, this 
bone is placed over it to 
strengthen it. An ordinary 
tendon passing over this 
joint would also be liable 
to frequent injury, and we 
may regard the patella as 
only an ossified portion of 
the tendon which transmits 
.over the joint the muscular 
power by which the knee 
is straightened. 

51. Bones of the Foot. 
The ankle is formed by 
seven tarsal bones {g, d. 
Pig. 41), the foot, by five 
metatarsal bones (a), and 

the toes, by five bones in The bones of the Lower ExtremlUcs. 

.each of the first and second phalanges (3, and c), and four 
bones (tw), in the last phalanx. 

52 Depcribe th« fibnla. 

63. T)e5«cribc the patella. What are its uses f 

64. What are the boiic-» of the foot? 

3 
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55. Since the body, in man, is to be supported on two 
extremities, instead of four, as in other animals, it is neces- 
sary that the foot should have certain pecaliaritiei^ fitting 
/ Pig 4L 




Bones of the foot, a, The metacarpal boneik ft.c. m, The phalanges. /, The 
aBtra^ahim. g. The op calcic. 

it for this oflBce. These peculiarities are its length, the 
projection of the heel backward, and its articulatiwi at 
right angles to the leg. 

Its adaptation to the required motions, those of walking, 
leaping, and running, consist principally in the great power 
of the muscle which is attached to the extremity of the 
heel (the os calcis, 3, Fig. 42), the length of this bone as a 




A vPTtlcal pcctlon of the Foot, letirfbwfpp. 1 TVe tlWa. 2 The aPt«P*^'»»r • 
The oj» calclP. with the tenr^on of the mnpcV' attacVert. 4. 5 BoneP of the fbot. 
6 A metataival bone. 7, 8 Phalanges. In thin figure the arched fonn of the foot 
ip M'ell phown. 

55. What IP the firPt office of the foot? What peculiarities fit It for this prr- 
pose ? What Is the second, and how Is It fltte'i for It ? What Is the third use of 
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lever, and the power of yarying very much the angle made 
by the leg and foot 

The motions of the body, would be injurious to the brain 
and vital organs, if there were no provision for absorbing 
them. Such concussions we experience by stepping only 
a few inches lower than we expect to, when walking in the 
dark. The principal means of deadening the»e shocks 
consist in the construction of the foot. In these motions, 
either the toe or heel, first receives the weight of the body, 
and the concussion is partially absorbed, before the other 
end of the foot is brought down. The arch of the foot, 
directly over which the ankle joint Is placed, is then de- 
pressed. If too much of the concussion still remains, the 
knee and hip joints are then gradually bent, in order to 
receive it 



CHAPTEB II.— OF THE ARTICULATIONS. 
Section L — Parts of which the Joints are composed. 

56. A Joint is formed by the con- 
tact of two articular faces of bone, 
together with several appendages for 
guarding it against dislocation, and 
for securing freedom of motion. ^ 

57. If the surfaces of bone were in ^- 
direct contact, the requisite motions 
would rapidly wear them, and de- 
stroy the joint To obviate this, a 
layer of cartilage (2, 2, Fig. 43) covers ^^l^Tn.^^TTylecI^y^ 
every articular surface. Thus, in- 
stead of bone, there are brought to- 
gether two smooth surfaces of an 
elastic substance between which there 
is scarcely any friction. 



-^ - 




by which the endi» an* cov- 
ered. The pynovlal m»'m- 
brane. represented by the 
doiti'd lint**, cover? the 
cartilaire, and extend f» bark 
to a. 8: then follow* the 
capsale. which lieo onti>ide 
of the dotted line, and ia 
not here represented. 

the fcwn * -What ar« the mcanp by which the foot nbporbi* the concnpfion prodnced 
Iqr the motions of the botly ? What Airther provietion exi««ti» for abforbinp th' . /' 
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A cartilage which covers a convex articular surface is 
thickest in the middle (Fig. 44), and that which covers a 
concave surface is thickest around the edges. This ele- 
vated rim of cartilage in some of the joints, as that of the 

Fig.- 44. 




A 

A C The CartilaRes of a joint, vao'ing in thickness according to position. 

shoulder, constitutes the most important part of the sock- 
ets, so that cartilages hecome, to a considerable extent, a 
protection against dislocation. 

There is also in several of the joints, as in the knee, a 
separate, intervening cartilage, so that each joint in which 
it is found really consists of two joints. By this means the 
amount of motion over each articular surface is diminished 
one half. 

58. Every joint is inclosed in a capsule which binds the 
bones together, and prevents the adjacent parts from fall- 
ing in, and being caught between the bones as they move 
upon each other. This capsule is a continuation of the 
periosteum, which, instead of closing around the end of the 
bone, becomes detached from it where the articular surfiace 
commences, and, passing over the joint, attaches itsell to 
the next bone. The joint is therefore contained within a 
sac impervious to air. 

Chapter II. Seetton M»—SQ. Of what does a joint consist ? 

67. Why nre not the articular surfaces of bone brought directly toother? 
With what are the articular surfaces covered ? How does the thicknet>s vary f 
' How do some of the cartilages tend to strengthen the join tt* ? What is the use of 
the separate cartilage in certain joints ? 

58. What is the use of the cap!»nle ? How is it formed ? How, apart from its 
fitreiigth, as a means of tying the bones together, does it protect the joint t 
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The close fit of the articular surfaces which form a joint 
is among the prominent means of protection. The sur- 
faces adhere by atmospheric pressure with a force equal to 
sixteen pounds to the square inch of surface. It is the 
same principle which the dentist employs in securing to 
the roof of the mouth the plate to which artificial teeth are 
attached. The plate can be loosened, however, by depress- 
ing one side so as to admit the air. The joint is more fully 
protected, because the inclosing capsule entirely excludes 

59. In addition to the capsular 
support of the joints, they are sup- 
plied with numerous ligaments as 
protection against dislocation. 
They are sometimes only a thick- 
ened and strengthened state of the 
capsules at exposed points. Other 
ligaments are quite separate from 
the capsule. Fig. 45 represents the 
inside of the hand with the mus- 
cles dissected off, and will give a 
good general idea of the abundance 
of ligaments with which the joints 
are furnished, and the amount of 
protection which they give. 

The ligaments are severally 
adapted to the amount of motion 
which the joints require. Thus 
the ligaments of the shoulder joint ^p^^^S^^JS^Vn^^^^Jl'^tf i^'! 
are, within certain limits, as elastic T/^^^^ent whicrLn^iu thi 
as India-rubber. Otherwise the »>«»«» ^^ the fore arm. 
joint would be comparatively useless. But the ligaments 
which bind the square bones of the wrist or foot together 

£9. What protection have the joints in addition to the capsules ? Are the liga- 
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have scarcely any elasticity. If they had they would answer 
no good purpose in those places. 

Again, there is a striking adaptation in the amount and 
arrangement of the ligaments to the degree of danger to 
which a joint is exposed. When a joint is otherwise weak, 
especially if it is an important one, greater care is taken 
to protect it by ligaments. In the knee joint, for instance, 
if the bones were larger the joint would be stronger, but 
the limb would be more cumbrous. With the size which 
the bones of the knee have, it might be asked, how its 
strength may be made the greatest, while yet the free- 
dom of motion is not interfered with. The question is 
solved in the construction of this joint Besides a lib- 
eral supply of ligaments passing across the joint from 
bone to bone, outside of the capsule, there are within the 
capsule two ligaments, originating in the deep groove 
which separates the external and internal condyles," cross- 
ing each other like the letter x (and hence called cru- 
cial ligaments), and attached to the head of the tibia 
(fg, Fig. 46). The advantage of this ari'augement is that 
the protection is almost in the centre of the joint, and 

'^ We have here an instance, not uncommon in the anatomy of tho 
body, of several ends attained by the same contrivance. This groove 
might, at first, appear to be left only to make the bone lighter, and yet 
give the requisite enlargement of the extremity of the bone, for the pur- 
pose of forming the joint. We now see that it answers another purpose, 
by furnishing the means of attaching, in the most favorable position, those 
ligaments upon which depends the principal security of the most exposed 
joint in the system. As this joint is the most exposed one in the system, 
so the blood vessels and nervos which pass it would be especially exposed 
to be injured, but for this groove, which furnishes them a passage along the 
least exposed side of the joints, deep below the surface, and protected from 
injury by the condyles which rise up on both sides. 

inenti> separate from the capsules ? How are the ligaments adapted by their elas- 
ticity to the proper motiou of the joints ? What other adaptations have they ? 
fizplaiu this adaptation in case of the crucial ligament. Of the round ligameut. 
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also that the direction of the ligaments is such, that any 
force tending to cause dislocation, must be exerted in a 
direction almost lengthwise of one or other of these liga- 
ments. Their position is therefore such as to make them 
operate to the greatest possible advantage. 



Fiff. 46. 



Fig. 47. 




The back fide of the 
Knee Joint. / g 
The cmcial lijra- 
nientfk by which the 
joint ie protected in 
the centre. 




The Hip Joint, r l The roand ligament, 
c L The capsular ligament. 



Another instance of a similar kind is the round liga- 
ment of the hip joint (r l. Fig. 47), which has very great 
strength, and passes directly from the centre of the head 
of the femur to the centre of the acetabulum. It is suffi- 
ciently elastic to allow of the requisite motion, but not of 
motion to such extent as to render dislocation possible 
without breaking the ligament. 

In a few cases there are ligaments passing from bone to 
bone, to give greater support to the parts where there is 
no proper joint. Of this kind are the ligaments between 
the tibia and fibula, and that between the radius and 
ulna (Fig. 45). 

In what inBtancee are ligaments employed to confine bones within proper limits 
where there are no Joints ? What other use is made of ligaments f 
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There is another class of ligaments which have an en- 
tirely different object. They occur where a tendon is to 
•pj take a different direc- 

tion from that of the 
muscle from which it 
comes ; in the instep of 
the foot, for example 
(Fig. 48), where the 
symmetry of the foot 
would be entirely de- 
stroyed if the tendon 
which goes to the toes, 
instead of being tied 
down into the angle, 
were allowed to pass di- 
rectly from the muscle 
to the points of inser- 
tion. Its object there- 
fore is to change the 
direction of muscular 
motion. 

60. The whole internal surface of the joint, that is, of 
both cartilages and the capsule, is lined with the synovial 
membrane (represented by the dotted line in Fig. 43). 
There are also in several parts of the body tubular sheaths 
for the transmission of tendons, and where the amount of 
motion is such as to require that the surfaces should be 
covered with synovial membrane. 

This membrane secretes a glairy and very perfectly lu- 
bricating fluid, the synovia, the oflBce of wliich is the 
same as that of lubricating substances used in all kinds of 




The direction of mapcalar motion changed 
by ligaments. 



60. With what are the enrfkee:; of the joints lined ? What is the object of this 
membrane ? What is the office of tl e synovia ? What advantages have the Joints 
over other machinery in this respect li 
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iBachinery^ to diminish the friction of solids moving upon 
each other. The joints have, however, these advantages 
over other machinery, that the synovia is the most perfect 
lubricating substance known, that it is supplied over the 
whole surface requiring lubrication, that the quantity is 
exactly proportioned to the demand, since the amount 
secreted depends upon the amount of motion of the joint, 
that it is not supplied at intervals but constantly, and that 
the old is absorbed as the new is secreted. 



Section IL — Particular Joints. 

61. The joints are either movable or immovahle. We 
have examples of the immovable joints in the stftures of 
the head and face, and in the articulations of the teeth 
vith the alveolar processes. 

The movable joints are of four kinds. 

6|. First, those which admit of motion only by the com- 
pression of interarticular cartilage. The articulations of 
the vertebrae, with the exception of the two highest, are of 
this kind. Each cartilage is firmly fixed to the two verte- 
brae next above and below it. Instead of two cartilages, 
as the other joints have, each joint contains but one, but 
this is of much greater thickness, so that it will admit of 
compression enough to produce all the motion required. 
These joints are not supplied with synovial membrane, as 
there is no motion of surfaces upon each other. The 
articulation of the bones of the pubis in front is of this 
kind, though the cartilage is not thick enough to admit 

StetioH 11.^61. What are the two kinde of joints ? What are examples of 
ttie immovable Jointe> ? How many kinds of movable joints ? 

62. What is the flnt kind ? Describe the joints of the sptne. Why have tbfif 
no synovial membrane ? '\Miat other joints bc^on^ to this class f 

3* 
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of mnch motion. The articulatlonB between the ilium 
and sacrum^ and between the tibia and fibula resemble 
those of the vertebrae, but each surface of bone has a sep- 
arate cartilage and is lined with synoyial membrane. 

63. Secondly, those which admit of motion in only one 
direction. The articulation of the occiput and atlas allows 
only the vertical motion, that of the atlas and axis only 
the horizontal motion, and upon these two joints most of 
the motions of the head are performed, though the other 
joints of the neck admit of considerable motion. The 
elbow, knee, and ankle joints are the most perfect exam- 
ples of this kind. The articulations of the phalangial 
bones with each other also belong to this class. They are 
called hinge joints, and though limited to one kind of 
motion, the motion is yet very free and extends through a 
large arc. In the elbow joint, as before stated, the motion 
is limited both ways by processes of the ulna, but the range 
of motion of the other hinge joints is determined more by 
the ligaments than by the form of the bones. 

64. Thirdly, the condyloid articulations. The articula- 
tion of the lower jaw with the temporal bone belongs to 
this class. The usual action of this joint is such as to give 
a vertical motion to the jaw. But the cavity in the tem- 
poral bone, which forms the socket, is larger than the con- 
dyle of the lower maxillary bone, so that a slight lateral 
(the grinding) motion is allowed, and also some motion 
backward and forward. The articulation of the clavicle 
with the scapula and with the sternum, those of the ribs 



83. What is tbe second kind ? Describe the first and second Joints of the tplne, 
and their object. What, are the remaining joints of this kind 7 By what general 
name are they depignated ? How is their motion limited 7 

04. What is the third kind of joints ? Describe the articnlation of the lower 
jaw. Name the other joints of this class. What is the pecnliarity of the articu- 
lation of the radins and ulna ? Why is the Joint between tbe wrist and thumb 
classed with the condyloid joints t 
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with the vertebrae and the transverse processes, ana those 
^ of the phalanges with the metacarpal and metatarsal bones 
are of this kind. The articulations of the carpal bones 
with each other, and with the metacarpal, also those of the 
tarsal with each other and with the metatarsal, belong to 
this class, though the motions in these joints are extremely 
limited. The articulation of the radius and ulna is com- 
posed of two condyloid joints, one at each end, by which 
the rotary motion of the hand is provided for. The joint 
between the thumb and the wrist, though of a peculiar 
construction, is in its motions very much like the con- 
dyloid joints. 

6S. Fourthly, those articulations which admit of free 
motion in all directions These are denominated ball and' 
socket joints. There are but three joints of this kind In 
the wrist joint the bones of the carpus are so arranged as 
to form a spherical surface which is fitted to a shallow 
socket on the end of the radius. This is a weak joint, not 
fitted for the support of much weight, but for that freedom 
of motion by which the hand is adapted to be an organ of 
prehension. In the shoulder joint the ball of the humerus 
is received into the glenoid cavity, the edges of which are 
so raised by cartilage as to form a perfect socket. To form 
the hip joint, the head of the femur is received into the 
acetabulum. This is the most perfect ball and socket in 
the system, both by the shape of the bones which go to 
form it, and by the appendages of cartilage which raise the 
rim of the socket. 



65. What ie the foorth kind of joints? What ar they called? What joints 
are included iu this division ? Describe each joint. 
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CHAPTER ra.— OF THE MUSCLES. 
Section L — General description of the Muscles, 

66. The muscles are either voluntary, involuntary, or 
mixed. The heart and stomach are instances of involun- 
tjiry muscles, that is, muscles which contract and relax 
under a stimulus which is independent of the will Those 
muscles upon which respiration depends are both volun- 
tary and. involuntary, that is, they contract and relax with 
regularity when the attention is withdrawn from them, but 
they can still be controlled by the will." Those muscles 
•ap3n which the motions of walking, eating, winking, 
writing, etc., depend, and which, in a state of health, con- 
tract and relax only in obedience to the will, are called 
voluntary muscles. 

67. Those muscles which are partially or wholly con- 

" It is not improbable that these mixed muscles (being supplied with 
voluntary and involuntary nen'es) may be constantly stimulated by the 
involuntary nerves, and uniformly obey them when there is no opposing 
influence, but that the power of the voluntary nerves is superior when the 
will is active, and controls their motions temporarily. Unless these mus- 
cles were involuntary, life could be continued only so long as we could re- 
tain the waking state, and direct our attention to the process of respira- 
tion. It is also very important that these muscles should be voluntary, so 
that we may control the degree of force with which respiration is effected, 
and also control the length of each act of respiration ; otherwise, we could 
h ive no control over the voice. We might be able to articulate while the 
air was passing out of the lungs, but we would be unable to vary the com- 
pass of the voice at all, and if the act of expiration should terminate while 
we were pronouncing a word, we should be unable to complete it till the 
net expiration. 

Cbapfer III* Section /•— 66. Into what cla^ti^es are the muscles divided? 
Give examples of each class. 

67. What do the voluntary aM mixed muscles constitute ? How arc they eit- 
uaied ? WLat effect have they upon the general form of the body t 
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trolled by the will constitute the lean meat of animals. 
They lie upon the bones, filling the depressions, and giving 
the general fullness and roundness of contour which belong 
to the different parts of the body. 

68. That end of the muscle which is not movable is 
called the origin. The point where the power is to be 
exerted is the insertion. This distinction, however, does 
not always hold, because in a few muscles each extremity 
is capable of becoming alternately the fixed and movable 
point. The fleshy part (the belly of the muscle) consists 

Fig. 49. 




A film of Cellalar Membrane. 



of ultimate fibres, too minute to be well exhibited except 
by a glass of high magnifying power. Several of these 
fibres are cojlected together into a bundle (or fasciculus)," 
and inclosed in a sheath of cellular substance." A muscle 



" In a piece of beef which has been cookel till it is very tender, the fas- 
ciculi of a muscle, inclosed in a very attenuated membrane, are well ex- 
hibited and easily separated. 

*'"' The cellular tissue consists of membrane of extreme tenuity (Fig. 49;, 
and pervades all parts of tlie system. The membrane stripped from the 
leaf of fat taken from a ftittened animal, consists of several thicknesses of 
cellular tissue. The loose, bladder-like membrane, by which the skin of 
animals adheres to the muscular parts below, is cellular membrane. It 

68. What part of the mnscle is called the ori^n r What the inciertiau t Why 
cannot the die^tlnctiou always be made ? Describo the flu9hy part of the muncle. 
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consists of a ooUection of these fasciculi inclosed in another 
firmer sheath of cellular substance. 

69. At the extremities of the muscle the cellular sheaths 
which inclose the several fasciculi, and that which incloses 
the whole muscle, becoming free from muscular fibres, are 
condensed into a firm, inelastic tendon. When the muscles 
can conveniently be situated near the place where the 
power is to be exerted, the tendons are very short, and in 
many cases there is no distinct tendon formed. Otherwise 
tendons, often of considerable length, are employed.*' 



forms a loose network which pervades very generally the other tissues Oi 
the body. It exists in the bones. It is this membrane inta the cells of 
which adipose matter is deposited to form the fat meat of animals. It is 
this membrane which incloses, with a sheath so thin as to be scarcely visi- 
ble, the fasciculi of ultimate muscular fibre. It is the same membrane 
which, :in a condensed state, forms at one time the tough leathery sheaths 
(fasciae) by which the whole of a muscle, or several muscles, are hiclosed, 
and, at another time, the tendons of the muscles or the ligaments of the 
joints. 

'' A correct idea of the use and action of tendons may be obtained by 
examining the leg of a fowl. The tendons are the small white cords 
which are prolongations af the muscles situated in the thigh (" drum-stick"). 
By pulling the cords on one side the parts of the claw contract; by pulling 
those on the other side, the claw opens. 

We often find a highly artificial arrangement of tendons, and one which 
as fully proves an intelligent contriver as any complicated arrangement 
in a work of human skill. Thus the muscles are often at a distance from 
the place where the power is to be exerted, and the power is transmittAid 
by tendons of the exact length necessary to efibct the motions required. 
When a muscle is in the way of a tendon of another muscle, a slit is found 
in the first muscle through which the tendon of the other passes. A slit of 
this kind is made in the stylohyoid muscle for the tendon of the digastric 
muscle to pass. This last muscle has also another peculiarity, that the 
belly of it is divided into two parts which are connected by a tendon, and 
in order to change its direction, this tendon passes through a loop of cel- 
lular substance attached to the hyoid bone. The tendon fa. Fig. 50J which 

69. How are tendon? formed ? In what casee are the moscles without tendons} 
Thea what is the use of teudouB ? 
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70. The muscles, tbotigh all composed of bundles of fas- 
ciculi, are yet very different in form. In some the fascic- 
uli are all parallel with the general direction of the muscle, 
as in Fig. 51, and it becomes spindle-shaped. Sometimes 
they diverge from a point and the muscle is fan-shaped, 

Fig. 51. Fig. 52. Fig. 53. Fig. 54. 





m 

A radiated 
Muscle. 



A BpiiKlle-»haped A radiated Apennifonn A sphincter 

Muticie. Muscle. Mue^cle. Muijcle. 



Pig. 52. Sometimes the fasciculi are oblique to the gen- 
eral direction of the muscle, and are arranged along one 



Fig. 50. 




a The ligament which pa»pef» nnder the 
bifurcated lij^ament 6, tu go to the lat»t 
Joint of the finger. 



bends the last joint of the finger, 
lies nnder the tendon which goes 
to the second joint ; and in order to 
let this lower tendon pass the sec- 
ond joint, the npper tendon (6^ is 
divided and attached at two points, 
and the lower tendon passes between 
the two branches. The mnscnlar 
power exerted on the top of the foot first has its direction changed by pass- 
ing under the transverse ligaments of the ankle. The muscular power ex- 
erted on the bottom of the foot first has its direction changed by the ten- 
dons passing around a groove in the heel similar to the groove in the 
wheel of a pulley. The trochlearis muscle gives a motion to the eyeball 
directly opposite to that -which would be produced if it were inserted by a 
straight tendon into the top of the ball. This reverse motion is produced 
by the tendon passing through a ring in the angle of the bone above the inner 
comer of the eye, and then going back to be inserted into the top of the ball. 

70. Deecribe the several forms which the maacles are found to takfl. 
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or both sides of a tendon, as in Fig. 53, and the mnscle is 
said to be penniform. Still others are circular, and by 
contraction close the opening which they encircle, as the 
mouth, the eye. They are called orbicular or sphincter 
muscles, Fig. 54. 

71. The general principle in the arrangement of the 
muscles is, that they are as near as possible to the places 
where the motions are required. This is the case in the 
neck, head, and trunk. There is, however, a wide excep- 
tion to this law in the position of the muscles which move 
the extremities. Here, the rule is, that the muscles are 
placed as near the trunk as possible. The object is to give 
to the limbs lightness and adaptation to free and rapid 
motion. Hence the muscles which move the shoulder are 
on the body, those which move the elbow are on the arm, 
and those which move the wrist and fingers are on the fore- 
arm. The Siinie general arrangement exists in reference to 
the lower extremities. So far as mechanical power is con- 
cerned, the situation of the muscle might be, at least in 
part, reversed. Those, for instance, which move the elbow 
joint might have been in the fore-arm, etc., but it is ob- 
vious that the hand would have been heavier and more un- 
wieldy. Certain very weak but quick motions are, however, 
performed by muscles which are situated in the hand and 
along the fingers. But these muscles are so small as not 
to add perceptibly to the weight of the hand. 

72. The three principal circumstances noticeable in ref- 
erence to muscular action are. First, rapidity of the 

71. What is the general law for the position of the mascles ? In what parts 
of the system does this arrangement prevail ? In what parts of the Qystem does 
a different principle prevail, and what is it ? What is the object of it t Are 
there any mascles sitaated on the hand and on the fingers ? What is the size of 
the muscles, and what kind of motions do they perform 7 

72. What muscles act without mechanical disadvantage ? Is this generally 
•the case r Are the muscles best fitted to exert great force or to produce a wide 
range of motion? Bow it force converted into motion ? 
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motions produced. Some of the muscles, as the heart 
and the straight muscles of the abdomen may exert a power 
equal to the force with which they contract But such is 
not the case generally, and particularly with those which 
move the limbs. The force with which they contract 
seems to be abundantly supplied in the system, but the 
constitution of the muscle is such, that an amount of con- 
traction equal to the range of motion required is impos- 
sible. There is, therefore, such a construction of the 
framework, and such a disposition of the muscles, that a 
large supply of muscular power, with a limited amount of 
muscular contraction, shall be converted into a wide range 
of motion. The muscles are said to act at a disadvantage, 
which is true so 

far as power is yiK ^*^ ^^ 

concerned, but it / \ ^^ 

is simply an ex- 
change, a contriv- 
ance to relinquish 
power which the 
system can spare, 
in order to secure 
greater and quick- 
er motion which 
it needs." Thus, 
in Fig. 55, by a 
small amount of 
muscular contrac- 
tion, the hand is 

'* The muscles which bend the elbow must exert a force equal to about 
twenty-five times that of the wei<rht raised by the hand. It seems incred- 
ible that a force of more than half a ton should be exerted by the two 
small muscles which bend the arm ; yet such is the fact. Still, that power 
would be oi" little service to us if we could not change it, in part, into. 




1 Th 5 hnmeniP. 2 The muscle by which the joint is 
straightened. 3 Its insertion. 4 The mu^^cle by 
which the elbow is heut. 5 Its orijr n. 6 Its inser- 
tion. When the muscle 4 contracts by an amount 
rcprepented by 7. 8. the amount of motion of the 
ball will be represemed by 9. 11. There. is a lor s < f 
power which Ib compensated by au increase of 
motion. 



Digitized by 



Google 



66 OENEBAL DESCBIFTIOli^ OF THE MUSCLES. 

Tuade to take successively the positions of 9, 10, and 11. 
If a fauscle could have been attached at 12, and made to 
act in the direction of the arc, there would be no loss of 
power, but no muscle could perform the amount of con- 
traction which would be necessary.** 

73. Secondly, muscular antagonism. Every volun- 
tary motion of the body depends not only on the contrac- 
tion of one muscle or set of muscles, but also on the relax- 
ation of another muscle or set of muscles. Thus a perfect 
antagonism of muscular power exists throughout the sys- 
tem. When the motions performed are principally those 
of bending and straightening the joints, the two classes of 
muscles are called flexors and extensors. 

74. Thirdly, many of the motions are the combined re- 
stilt of the contractions of several muscles. Each muscle 
has generally a distinct motion to perform, but there are 
cases in which the fasciculi of a muscle may contract in- 
dependently of each other, so that one muscle may per- 

velocitY ; that is, if we could not move a hand or a foot to a greater 
distance at once than the extent of the mosculai contraction of even the 
longest mnscle. 

'* But instead of seeking occasion to lengthen the muscles, and thus in- 
crease their range of motion, there seems to be an opposite tendency. 
Thus, the pcnniform muscle is an arrangement to increase the number of 
muscular fibres of which a muscle consists, and therefore to increase the 
power with which it contracts, but at the same time to shorten the fibres, 
and therefore diminish the amount of contraction. This arrangement is 
most conspicuous in the muscles which straighten the knee, where a great 
amount of contraction would be useless, but where great power is neces- 
sary to control a joint bearing the whole weight of the body, and where 
the muscles must act so disadvantagcously. 

73. What besides the roascular contraction is necessary to produce motion? 
What relation of the muscalar power is established In the system ? What are 
those muscles which bend the Joints called ? Those which extend the joints 7 

74. How can the same muscle produce more than one kind of motion f Do 
the motions often depend each upon several muscles ? Give Instances. 
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form several different motions. More frequently, however, 
a single motion is the result of contraction of several 
muscles. Thus the tones of voice depend upon the posi- 
tion and tension of cords which are controlled by several 
muscles. To produce these almost infinitely varied tones 
at pleasure, implies an instantaneous and perfect control 
of these muscles. So the rapid and perfectly accurate mo- 
tions of which artisans, musicians, and especially jugglers 
arc capable, depend upon controlling accurately a large 
number of muscles. 

75. This perfect control may be more easily acquired by 
some persons than others, but it is never gotten without 
effort. It is the result of training. We see this in the 
gradually increasing correctness of pronunciation which the 
child acquires, in the efforts which the student is obliged 
to make in getting the sounds of a foreign language, in 
learning to write, to knit, to play on a musical instrument, 
or in acquiring any other kind of motion which requires 
skill. 

We may lose, by disuse, the control which we have once 
had of muscles. Thus, if a bone be broken and we are 
obliged to relinquish the use of a limb wholly, even a 
few weeks are sufficient to place it quite beyond our con- 
trol. There are muscles properly situated for moving the 
ears, but they have been so long out of use, that it is 
hardly probable that the use of them could again be re- 
covered. 

76. The muscles produce their effects by contraction, 
diminution of length, and the power which they are capa- 
ble of putting forth at once, if it could be made to centre 

75. How may thi9 control be acquired ? Give instances. Give an instance in 
which this control is temporarily lo»t. Give an instance in which it seems to be 
lost beyond the power of recovery. 

76. How do the muscles produce the motions of the body 7 What is the nature 
ot the power which produces those changes ? 
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at one point would be equal to several tons' weight; but 
of the nature of the muscular power we know nothing. 
That is, we do not know why a muscular fibre should be- 
come longer or shorter when we will it to bo so. We only 
know that it does thus obey the will It is one of the 
modes of the manifestation of the vital force, which will 
be considered in the chapter on respiration. All that we 
can do is to inquire into the conditions which seem to be 
essentially connected with this manifestation of force. 

77 In the first place, every exertion of muscular powor 
is connected with a change in the substance of the 
muscle, some portion of it being decomposed and return- 
ing to a lifeless state. It is by this lifeless matter (meta- 
morphosed tissue), taken up by the blood in its circulation 
through the muscles, that the bright arterial red which 
it had when it left the heart, is changed to the dark color 
which it has when it comes back to the heart 
. The portion thus decomposed was held in a living state 
by a certain force. This force is set free when the por- 
tion becomes lifeless, and can then be made use of for 
mechanical results ; that is, to produce muscular contrac- 
tion. This return of living tissue to a lifeless state is 
not, therefore, accidental, but is necessary to muscular 
contraction, and is in exact proportion to the force of con- 
traction required. 

llence it is that those employments are the most exhaust- 
ing which may not be very laborious but which incessantly 
exercise only one class of muscles. They require too grjat 
an amount of decomposition of this one class of musclen. 
The accountant who has done nothing for ten hours but 
Bit and move the small muscles of the hand in writing, is 

77. How are tbemnscles affected by maecular contraction ? Why Is this de- 
composition noceeeary ? What effect doee thiB have npon the hlood ? What 
employments are most exhansting, and why f Uow is ii^Jury firum suca ciu^oy- 
meattf to be guarded against ? 
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more weary than the person who has labored hard in the 
field and brought all the muscles of the system by turns 
into vigorous exercise." Constant writing, sewing, turning 
a wheel, playing on a piano, or any employment which re- 
quires the use of one set of muscles exclusively, is weari- 
some and injurious, unless relieved by a large amount of 
rest and recreation. 

78. In the second place, the healthy action of the muscle 
requires an active circulation of the blood, for this 
constant destruction of muscular tissue must be connected 
with as constant renewal, and the blood is the means both 
of removing the decomposed muscle and supplying the 
material for the new. 

The energy with which the blood circulates is dependent 
iu a great measure upon exercise of the whole system. Ex* 
ercise may operate in several ways to stimulate the circu- 
lation, but part of its effect is merely mechanical. Eelax- 
ation of the muscle allows the blood to flow into it, and 
contraction forces it out, and as there are contrivances in 
the blood-vessels to prevent its rushing backward, both con- 
traction and relaxation of the muscles tend to establish a 
more energetic circulation, and therefore a more complete 
repair of the waste occasioned by decomposition. 

79. The circulation of the blood in the muscles adapts 
itself in quantity to the amount of exertion which these 



'* It b noticed by teamsters that their horses weary mnch quicker when 
the road is uniformly level, and the effort required is not great, than on 
uneven roads, where the draught is often much greater. In the latter case 
diiferent sets of muscles are exercised alternately. 

T8. What is the second condition of mnscnlar power ? Why is thie active 
circulation necesaary 7 Upon what does puch a circulation depend t How does 
exercise mechanically promote the circulation of the blood ? 

79. Upon what does the amount of circulation in the muscles depend f Why 
does a person of active habiu need more circulation In the muscles than a seden- 
tary person f Why should a chango bom one mode of life to another be gradual ;P 



Digitized by 



Google 



70 GBNEBAL DESCRIPTION OF THE MUSCLES. 

muscles ordinarily make. Hence the mnscles of a person 
who is accustomed to active employment receive a large 
amount of blood, and when he is prevented from putting 
forth his accustomed activity he becomes restive. For such 
a stAte of rest his amount of circulation is a diseased one. 
If, on the other hand, a person of sedentary habits attempts 
to perform in a day what would be a day's labor for a work- 
ing man, he effects an amount of decomposition of muscu- 
lar tissue altogether di^roportionate to the amount of 
renewal which the ordinary supply of blood can furnish 
in the same time, and the result is extreme exhaustion. 
The change from one mode of life to another can be safely 
made only by so slow degrees, that the power of adaptation 
in the system shall adjust the circulation in the muscles 
to the demands made upon them. 

80. This adaptation in the supply of blood to the amount 
of effort put forth, is however subject to two modifications. 
During the period of childhood and youth, the new mus- 
cular fibre is furnished in Is^ge quantity, but it is for the 
purpose of growth, and not because muscular effort and 
muscular decomposition had been great In fact such pe^• 
sons often put forth and are able to put forth but little 
muscular power. It is also found that any class of muscles 
which is subjected to a great amount of exercise continu- 
ously, receive more muscular fibre than is decomposed, and 
they become increased in size ; that is, the muscular fas- 
ciculi become more numerous. Instead, therefore, of re- 
quiring a muscle to perform extni labor continuously by a 
more rapid decomposition and renewal of the muscular 
fibre (which, beyond ^ certain degree, would generate dis- 
ease), the large supply of blood which exercise induces 

80. What Is the flmt modification to which this relation of circulation and 
mnocnlar effort 1» ouhject t What becomet* of the nntriment famiehed by tb» 
ctrcalation of joong: persons ? What is the second modiftcaUon ? 
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goes to furnish a large number of fibres to perform the 
labor." 

81. Muscular action is dependent on nervous influ- 
ence. The nerves do not produce muscular power, for we 
may often be unable to exert this power while the nerves 
are uninjured. But they control (or the brain, through 
the nerves) the vital force which is employed in muscular 
contraction. Hence when the connection between a mus- 
cle and its nerve is interrupted there can be no muscular 
action. Hence also it is, that under excitement or a vig- 
orous effort of the will the muscular power may for a short 
time be so wonderfully increased. In a very short time, 
however, such energetic action of the muscles will produce 
exhaustion; and even moderate muscular action will at 
length bring on weariness. This weariness may arise from 
a failure of the vital force, or too great decomposition of 
the muscular tissue. In either case it is an indication 
from our constitution that the system requires rest." 



** Sculptors and painters stndy carefnlly the external changes which 
the muscles undergo from change in the mental states, from exercise, use, 
excitement, disease, etc. The best representations of Hercules (the em- 
bodiment, among the ancients, of their ideas of physical power) exhibit 
the muscles as very lai^, and those in the back and arms as specially 
large, firm, and well defined. 

*® It would be the natural order to follow this section by a description 
of the muscles individually, fiut these descriptions involve the use of tech- 
nical terms in great numbers, and a minute knowledge of osteology. These 
descriptions have therefore been introduced in an appendix, and can be 
referred to by those who have leisure and taste for more difficult study. 



8 1 . What is the third condition of mnscular power ? Why are not the nerves 
the f>ource of power t What Is Ihe ofltee of the nerves In reference to the mna- 
clesf How does a high degree of excitement affect the strength of a person? 
What if* the condition of the system indicated by weariness f What is the instmc 
tton which it conveys ? 
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GENERAL QUESTIONS ON THE PRECEDING CHAPTERS." 

Define Anatomy and Physiolojjy. How many pysteme of organs are to be ex- 
amined ? Show in their order why these systems are necessary. 

Chapter I.— Of what does this chapter treat? What are the subjects of the 
sections in tills chapter ? 

Section 1.— What are the objects of the osseous system ? Give the process by 
which the osseous (skeleton is formed. What is the composition o\ ordinary 
bone ? What division of the bones according to their form ? Explain the struc- 
ture of the bones. How do bones increase In length and diameter f Describe the 
periosteum. 

Section 2.— What arc the two divisions of the bones of the head ? What is the 
structure of the bones of the cranium ? Name the bones of the crauiura, and give 
their position. What are the processes of the bones of the cranium, and where 
are they situated ? What is the form of the cranium ? What is a suture, and what 
ones are found in the c-aninm ? What are the purposes of the cranium ? How is 
it fitted to accomplish each of these purposes ? Name the bones of the face and 
give their pofiticm. 

Section 8.— What division is made of the bones of the trunk? Of what does 
the spine consist? Debcrfl)e a vcrttbra and its processes. Explain the differ- 
ences in the vertebrae in different parts of the spine. How are the bones of the 
vertebral column connected together? Describe the intervertebral foramina and 
spinal canal. What are the objects of the spine ? How is it fitted to effect each 
of these objects ? Describe the sternum. The ribs. The use of the thorax. The 
pelvis. Its use. 

'^ A list of general questions has been appended to this part, at the close 
of Part 2 and Part 3, for the purposes of reviews and examination. The 
questions are designed to test the knowledge of the pupil, and others of a 
similar character will be easily added by the teacher. It is recommended 
that, as each section is completed, there be a review of it by some such 
general questions as have been given above. At the end of a chapter let it 
be reviewed by sections. Let Part 1 be reviewed by chapters, that is, let 
the object of each chapter be given ; then each chapter by sections ; then 
each section by topics ; and thus the view of the subject which the learner 
acquires will be a connected one. 

This kind of general review should not, however, be allowed to take the 
place of more rigid reviews. Thoroughness can be acquired only by spe- 
cial attention in this respect. Pupils are often averse to reviews, because 
they are anxious to hasten the completion of any subject of study, and be- 
cause, in reviewing, the novelty of the subject is gone. The most profita- 
ble part of thrir study, however, is the reviewing. The text has been 
constructed with great brevity, in order to give sufficient opportunity to 
be thorough ; but if time will not admit of completing the study, let it be 
thoroughly reviewed as far as it is studied. 
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Section 4.— What are the bones of the apper extremities ? For what uses are 
the bones of the upper extremities intended f In what consists their adaptation 
to thei*e uBes ? 

Section 5.— What are the bones of the lower extremities 1 What are the pur- 
poses designed to be accomplished by them ? What are the adaptations to each 
of thesre purposes ? 

Chapter II.— What is the sub!)ect of this chapter ? Section 1,— How is a joint 
Ibnned ? What are the four appendages of Joints ? What are the four peculiari- 
ties of ligaments adapting them to the amount of motion and kind of danger ? 
For what other pui^ses are ligaments used ? In what respect is the synovia 
adapted to its uses? Section 8.— What division is made of the joints? Uow 
many kinds of movable joints ? Give instances of each kind. 
■ Cfaptbr III.— What is the subject of this chapter? Section 1.— What division 
Is made of the muscles ? What are the muscles here considered ? Vv hat are the 
forms of the muscles ? What is the general arrangement of the muscles ? What 
three principles prevail in reference to muscular motion ? How does practice 
affect our control of the muscular power ? What is the muscular power? What 
three laws relating to the exercise of this power? What consequences follow 
from the first law ? What afiects the amount of circulation of blood in the mus- 
cles ? Under what circumstances is the amount of circulation more than pro- 
portioned to the muscular power possessed? What is the third law? What is 
the physical cause of weariness, and what is its import ? 

4 
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PART IL 
THE NERVOUS SYSTEM, 

THE NERVOUS SYSTEM INCLUDES THE BRAIN, SPINAL COBS), 

NERVES, AND THE EXTERNAL SENSES. 



CHAPTER I.— OF THE BRAIN, SPINAL CORD, AND NERVES. 
Section L — The Lraiiu 

I. TJie Enveloping Membranes of the Brain. ^ 
82. There is a firm membrane called the dura mater, 
which is closely attached to the interior surface of the 
cranium, and may be regarded as an internal periosteum. 
In several instances the membrane is not attached contin- 
uously to the bone, but leaves loose duplications {Fy Fig. 
5g 50), by which the 

brain is partitioned 
off into separate 
portions. One of 
these folds is the 
tentorium. It is a 
nearly horizontal 
membrane, arising 
from the ridge at 
the top of the pos- 
terior fossa, thus 




j M 



A vertical, transvcrf c section of the Cranlnm. a The 
pkuU. b The dura mater, c The arachnoid mem- 
brane. F The falx cerebri. 



Part II.— What is Incloded in thiB pyetem? SerUon X.— 82. What «re 
the thrpo membrane? which inclope the brain ? Describe the dura mater. !>©• 
Bcribe tbe three partitk>u:» of tbe braia produced by the dura mater. 
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separating the cerebrum from the cerebellum. Another 
partition, which is called the falx cerebri (1, Fig. 67), 
arises from the eth- _.^ 

moid bone, follows ^* 

along the sagittal 
suture, and becom- 
ing wider as it 
extends backward, 
terminates at the 
tentorium. Anoth- 
er much smaller 
fold of the dura 
mater, called the 
falx cerebelliy ex- 
tends from the ten- 
torium to the mag- 
num foramen. 

88. The arachnoid membrane is an .exceedingly thin 
film, and is attached to the interior surface of the dura 
mater. It secretes a fluid in small quantity, but sufficient 
to keep the surface moist^ and diminish the friction occa- 
sioned by the slight motion of the brain within the cra- 
nium." 

81. The pia mater ista thin but firm membrane not 
attached to the arachnoid or the dura mater. It lies next 
to the brain, dipping into its substance at the fissures, and 
forming the only proper envelope of the brain. 




1 The fclx cerehri. 2. 2 Two larpr** velnp by which the 
blood is returned from the head. 8 The forehead. 



'• There is a constaTit secrerion of this fluid and as constaTit an absorp- 
tion of it. This membrane, in certain <'ondition8 of the system, and par- 
ticularly in childhood, is apt to take on inflammation, when the secretion 
becomes too abundant, and results in dropsy of the head (hydrocephalus). 

83. Describe the amchnoid membrane. What ie its office ? 

84. Oesoribe tiit pia mater. 
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II. Oeneral Structure of the Brain. 

85. The brain occupies nearly the whole cavity of the 
cranium. It is divided into right and left hemispheres, 
the falx cerebri lying between them. The base of the 
brain is divided on each side into three lobeSy correspond- 
ing with the three depressions in the base of the cranium. 
That portion which lies in the posterior fossa and under 
the tentorium, is the cerebellum; the remaining, and by 
far the largest portion, is the cerebrum. 

86. The medulla oblongata (Fig. 58), though not a 



Fig. 58. 



Fig. 59. 




part of the brain but 
of the spinal cord, of 
which it is simply a 
prolongation above the 
magnum foramen, is 
situated within the cra- 
nium. It continues of 
nearly the same size as 
the spinal cord for 
about an inch, and then 
becomes enlarged into 
a bulb (a) called the 
pons varolii. 




1, 1 The inte?Timent8 of the head tnmed down. 
2. 2 The edj^e of the remaining i>art of the 
craninm, the upper part havlntr l>een re- 
moved. 3 The dara mater. 4 The convo- 
lations and anfhictaoeitiep of the brain. 



85. W^bere ii* the braiu f>!tnat('d ? State the divistionf of the brain. 
88. Wtiat bct?ide8 the brain doen the cranium contain r Oe;<cribe it. 



Digitized by 



Google 



THE BRAIN. 



77 



Fig. 60. 



87. The external surface of the cerebrnm presents nu- 
merous irregular elevations, called convolutions (4, Fig. 59), 
which are separated by depressions (anfractuoaitiea). These 
depressions are better 
seen in the horizon- ^ 
tal section, Fig. 60, 
and are produced by 
folds of the pia mater 
dipping down for 
half an inch or rather 
more into the sub- 
stance of the brain. 

88. The two hem- 
ispheres of the cere- 
brum are connected 
by a white fibrous 
substance, the cor- 
pus callosum (0, 
Fig. 65), situated be- 
low the falx cerebri. 
Its fibres run trans- 
versely, as seen at 
ded, Fig. 61. Be- 
tween the corpus 
callosum and the base of the brain are five cavities called 
ventricles, the larger two of which are seen at 5, 5, Fig. 60. 

89. The brain is composed of cellular and tubular 
substances. The first is a gray, ash-colored, pulpy mass, 
the other is dense, white, and fibrous. In the cerebrum 




A horizontal section of the Craninm and Cerebrnm. 
1, 1 The craninm. 2, » The dura mater. 8. 8 The 
cellular pubi^tauce of the cerubrum. 4, 4 The tu- 
bular 8ubtftauce. 6, 6 The lateral ventricles of 
the brain. 



87. Depcribe the external surface of the brain. 

88. How are the hemispheres of the brain connected? Describe the corpas 
collosnm and the ventricles. 

89. Of wl at is the brain composed ? Describe these two substances. How 
are they situated in the cerebrum ? In the medulla oblongata ? In the cerebel> 
lami 
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• the cellular or gray substance is exterior (3, 3, Fig. 60), 
lying immediately under the pia mater, and following it 
wherever depressions of that membrane occur. The tubu- 
lar or white substance (4, 4) constitutes the central por- 

Fig. 62. 

A croBB section of the 
Bpiiialcord. The dark 
portions repre^ient 
the cineritiout* por- 
tion. The cineritiouB 
portion io found in 
the central part of the 
medulla oblongata 
also. 

tion of the cere- 
brum. In the 
medulla oblonga- 
ta the gray por- 
tion is central, 
and the white ex- 
terior (Pig. 62). 
In the cerebellum 
the two sub- 
stances are ar- 




A horizontal section of the Brain at a hiffher level than 
the preceding nection. a b c The white puhstance. 
/ The gray portion, d ed The corpais callosum. 



ranged 
centric 
giving, 



in con- 
layers, 
when a 



vertical section is made, the branching appearance (seen 
above, 5 c in Pig. 65) called the arhor vitce. 

III. Functions of the Brain. 

90. The brain is a pulpy mass, distinguishable into parts 



^O. What reason have we for supposing that the brain is a highly organized 
anhfttance ¥ Can we, fh>ra a stndy of its organization, determine its functious ? 
In what way are we to determine its fiiactlons ? What are they f 
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by differences in color and strncture ; but it baa not, lik^ 
the skeleton, the muscles, or the eye, such a relation of 
parts that we can see their adaptation to the offices which 
they perform. The care, however, with which tbe brain ia 
protected, the amount of blood with which it is supplied, 
and the connection existing between the health or disease 
of the brain and the proper or disordered action of other 
parts of the system, lead us to believe that it has a highly 
complex and perfect organization. But the most accurate 
examination of its intimate structure has thrown no light 
npon the mode of its operations. We cannot, therefore, as 
we can in most other parts of the system, study its organ- 
ization, and from this infer its functions. These we are 
left to determine simply from the phenomena which it 
exhibits." These phenomena justify us in regarding it as 
& repository of power and as the organ of the mind. 

91. The brain does not, so far as we know, originate any 
of the forces of the system, such as those upon which 



'• This we oui^ht to expect from the peculiarity of its fdnctions. Con- 
sidering it as the or^an of the mind, what possible adaptation can we 
-conceive ? It is conceivable that beings, in othqr respects like us, should 
have been created without hands (or any other important organs would 
serve for illustration), and they would be able to form some idea of tlie 
kind of oi^nization which would be necessary to fit us for prehension, 
just as we can study oat the best construction of a loom, or a steam-engine. 
But a statement of the question as to the organization adapted to the 
operations of the mind, makes the thing at once ludicrous. What organ- 
ization, for instance, would be a suitable one to enable the mind to have 
the feeling of pain, or the perception of form or -color. 

The relations of mind to matter— the way by which they affect each 
other — are so completely beyond the comprehension of man, with his pres- 
ent capacities, that it is only surprising that the idea should ever have been 
entertained of discovering in the organization of the brain any adaptation 
to its functions. 

91 . Is the brain the source of pow«r f What agency has it in reference to the 
forces of the system 
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digestion, the circulation, and other phenomena of life 
depend. But, however these involuntary forces are origin- 
ated, it is a repository of them ; it appropriates and con- 
trols them. Hence when the brain is diseased, these phe- 
nomena of life are more or less disturbed. The brain does 
not, however, exert this control by means of the mind. 
These actions are removed from the control of the mind, 
and such removal is essential to life; for the mind requires 
rest and sleep, and all the operations which depend upon 
it must, during this suspension of mental activity, be sus- 
pended. 

92. But the most important function of the brain con- 
sists in its being an organ of the mind.''* This, in fact, 
embraces three functions, for the mind may be acted upon 
by external objects, it may act upon them, or it may be 
active with its own ideas, without reference to its relation 
to external objects. That is, the brain is the organ of the 
mind in sensation, in volition, and in reasoning. 

93. The brain is the organ of the mind in sensation. 
The mind is acted upon by external matter through the 
agency of the senses. We can trace tlie operation of physi- 
cal agents, such as light, odors, etc., till they have reached, 

** The preponderance of facts compels us to come to this ronclosion, 
though there arc remarkable cases of injury to the brain without perma- 
nent, and often without temporary, derangement of the mental operations. 
Thus, the skuU may be broken, or parts of it shot away, and a large 
amount of brain removed without producing idiotcy or insanity. In Ver- 
mont, a few years since, a rod of iron of an inch in diameter, and two 
feet long, was driven, by the unexpected discharge of gunpowder, through 
a man's head, entering the face and coming out near the top of the head 
on the opposite side, and yet the man recovered both his health and his 
reason. 

92. What is the most importaut Amotion of the braiu ? What three objects 
.doet* it accomplii^h as such? 

93. How far can we trace the operation of physical canset* in prodacing eensa- 
tions ? Can wo see in what way luo l:rain operates iu producing seubations ? 
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through the appropriate organs, the nerves of sensation, 
when the mind comes at once to the sensation and per- 
ception of the external object If the nerves which con- 
nect these organs of sense with the brain be impaired, 
this state of mind does not follow. We may, therefore, 
regard the brain as the organ of the mind in becoming 
aware of the exisence and acquainted with the properties 
of external objects." 

91. The mind cannot affect external matter directly. 
"Whatever effects it produces are the result of contraction 
and relaxation of the muscles. The power is not, how- 
ever, in the muscles themselves ; for if the nerves which 
connect them with the brain be severed, the muscles are 
•no longer capable of contmction and relaxation. It is 
equally true that the power does not consist in the mind, 
the will ; for after we have put forth power for a limited 
time we become exhausted, and when this exertion has 
been continued long enough, the most vigorous efforts of 
the will fail to cause contraction and relaxation of the 
muscles; the power which the mind had before controlled 

'* This inference rests upon the fact that whenever we can trace these 
physical causes up to the bniin, this also being in a healthy state, the next 
thing of which we are aware is a certain state of mind. The brain lies be- 
tween the organ of sense (as the eye, for example) and the mind. Hence 
.we must regard the brain as essential to the result — as having something 
to do — as part of the machinery. In what way it is essential U a matter 
in which we are, and must remain, profoundly ignorant. 

It is proper here to remark that this is not a case standing by itself in 
any important respect. We know as little why fuel will bum, or any other 
phenomena take place. We can establish the conditions of combustion 
and see the event follow. Why snch event follows such conditions we 
know not ; and we are compelled to regard the result as always the direct 
work of uncreate<l power. 

. 94. How does the mind affect external objects ? Id the power In the mas- 
c)eu ? Ifl it in the mind ? Hov/ is this proved ? What agency has the brain in 
reference to thie power ? 

4* 
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is Bpent. When sufficient time and other means hare been 
furnished for replenishing the available vital force, the 
mind again possesses power over the muscles. The brain 
is then the means by which the mind manifests its volitio7is 
in producing muscular motion. 

95. By means of the senses we obtain the ideas of color, 
form, weight, taste, sound, etc These original ideas sug- 
gest necessarily others, such as that of our own existence, 
.of a material world, of a First Cause, etc. All these ideas 
are variously connected with emotions, such as pain, de- 
light, gratitude, aversion, etc^ These ideas are the furni- 
ture which the mind receives directly and indirectly from 
the external world. All these ideas we can recall, com- 
pare, and reason upon. These operations of reasoning pro- 
ceed, to a certain extent, in a uniform manner. There is 
a great diversity, but still there is what we call a rational 
: state of mind, in opposition to one which we should call 
insanity. The mind reasons in a uniform manner, obeys 
certain laws in its mental processes, unless the brain has 
suffered injury. In a diseased or mutilated condition these 
operations become irregular, and the person is insane. In- 
sanity is a diseased condition of the brain. In the rea- 
,soning processes of the mind we may, therefore, consider 
the brain as the physical agent. 

96. Such are the general functions of the brain, or per- 
haps we should say, the brain and spinal cord. It is not 
necessary in this place to inquire as to the special func- 
tions of particular parts of the cerebral system, since we 
may, without such inquiry, learn its general functions, and 
the practical rules to be observed in reference to it 

97. The first principle of practical importance is that 

• 05. How do we obtain the Ideas of color, fbnn, etc. ? What other ideas do 
the^e enggest ? What nse do we make of thet^e ideas ? In these reasoning pro* 
cesses, how is it shown that the brain is the physical agent f 
97. What is the first ccndition in order that the brain property perferaa ita 
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the brain, in order to perform its functions properly, 
must be exercised. The same principle which governs 
the other parts of the physical system should govern the 
brain. It is as natural for the child to think as it is for 
him to play, and the fact that both promote his happiness 
is proof that both are proper and necessary for him. Indo- 
lence of the brain, like indolence of the muscular system, 
may, however, from circumstances, become a habit It is 
the restlessness, the absence of enjoyment thus relinquished 
"which, in a large proportion of cases, drives the individual 
to seek the stimulus of intoxicating drinks. But the 
teaching of nature is to employ the brain in thought, and 
thus escape the necessity of such stimulants. 

98. This natural tendency to think will, when properly 
guided, as certainly develop the mental faculties as propt^ 
use of the limbs will develop bodily strength. To do thi3 
is the main object of general education. In order to guidei 
this tendency aright, it should in the first place be allowed 
scope; it should not be repressed. And hence the inquisi- 
tiveness of children, even if it be sometimes troublesome, 
should be allowed a wide range, and should often be stimu- 
lated. The gratification of this curiosity and inquisitive- 
ness is the reward of effort by which our Creator would 
stimulate us to new effort." In the second place, the 

" This reward always foUows effort. The complaint often made by- 
scholars that their studies are uninteresting, generally rests upon the fact 
that the studies have not been attended to with sufficient care. The 
truths have not been comprehended. Everything of the nature of mental 
acquit&ition must, from our constitution, give us pleasure. Not that it wiU 
give every person the same degree of pleasure, for there are obviously differ- 
ent susceptibilities to pleasure — and there are diversities of taste, so that 
.equally susceptible persons will enjoy different kinds of mental occupation 

(hnctions ? What is the natural indacement to exercise the brain (that is, to 
think) ? To what physical evils does neglect of it lead ? 

08. For what was this tendency to exercise the brain given ms? What are 
the three rales by which it should be guided ? 
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brain should be allowed the necessary relaxation, so as not 
to become exhausted, and thus awaken a dislike for re- 
newed eflPbrt. In the third place, its exercise should be 
varied within certain limits, so as to give diversity of occu- 
pation, and yet not so much or so frequently as to dis- 
courage continuous and earnest application. 

99. But besides a general activity of the brain, it is pos- 
sible to give it special skill. It is like the enlargement of 
the muscles to lit a man for any particular employment. 
Perhaps the exercise of the brain will not increase its size, 
but it is certain that it will increase its power in any given 
pursuit We see this increase of power in the salesman, 
the accountant, the politician, the enthusiast in any em- 
ployment. This is a prominent object of professional 
education." The brain is as subject as any other physical 
organ to that wonderful law of habit; it acquires skill, 
power, and ready obedience to the will by effort continually 
repeated." 

very diflPerently. The general principle, however, is still sustained, that 
knowledge always pleases, and it is the observation of all teachers, that 
those who apply their minds with the most assiduity, are the ones who 
most enjoy their studies. 

*"• In many respects a general and professional education are the same 
thing. It is not possible to tnun and discipline the mental powers gener- 
ally, without doing something toward preparing the individual for pro- 
fessional success. Nor is it possible to confine the attention to strictly 
professional study without increasing generally the mental powers. It is 
true also that facts must be learned in both general and professional study. 
Siill, hcrc is the broad and important distinction between general and 
professional education that the one proposes the general discipline of man 
as a thinking being, and the other proposes a special discipline, as a pre- 
paration of hhn for a limited and prescribed course of life. To confine 
education to the first, would be like securing a large muscular develop- 
ment, while the individual is ignorant of any of the processes of useful 

99. What advantage does the brain receive from Fi)€cial traininfr? Will it 
increase ihe volume of the brain ? Give instances in which special power i» 
acquired. In what does thi» special training' conelBt ? 
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100. The brain may also be oTerworked. It is probable 
that by the action of the brain there is a disorganization, 
to some extent, of its substance, as there is in the muscles 
by their action. There is evidently some physical state of 
the brain, induced by too prolonged activity, wnich unfits 
it for longer continued effort until time has been given for 
reparation. This state is indicated by a disposition to knit 
the brows, more or less of pain in the head,' and sense of 
fatigue. These are intimations from our constitution that 
rest is necessary and ought not to be disregarded. The 
too ambitious student, or the too eager business man who 
disregards these indications, will inevitably suffer the pen- 
alty in later years. 

To defer this period of weariness, resort is not unfre- 
quently had to artificial stimulants; and they may have 
this effect, but it is an obvious disregard of a natui-al 
warning of the exhausted condition of the system; to 
silence the warning of danger while the danger is not only 
present out increasing, must be both unwise and unsafe. 

101: The exercise of the brain depends not merely upon 
the will. There must be general physical health and the 

physical employment. To limit education to the last would bo analogous 
to training an individual to the intriciite processes of a diliicult tnule, when 
he has not general muscular power enough to make his skill of any avail. 
The danger is very great, to young men in this country, of hastening too 
rapidly from general study to professional study. They always regret, in 
later life, that the foundations of their education were so slender, but the 
r^rcts often come when it is too late to apply a remedy. 

'* Certain teachers who have been remarkably successful, have owed 
their success to the tenacity with which they ins's^cd upon frequent repe- 
tition of lessons, review upon review, till the leading principles of a branch 
of study are ground into the mind, so that they can never be forgotten. 

1 00. To what danger is the brain liable * What eflfect does activity of the brain 
prodace in the brain? How is thie state indicated? How may thie period of 
wearinefsp be deferred ? Wtiy ehonld it not be f 

101. What besides the will dues the exercise of the brain depend upon ? Why 
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observance of those conditions by which general healtii is 
preserved. Special importance is, however, to be attached 
to the preparation of the blood, of which a miich larger 
amount is sent to the brain, in proportion to its size, than 
to any other organ. For if the blood is impure it operates 
directly in proportion to the extent of the impurity, to 
bring on inactivity of the brain, and finally utter prostra- 
tion and stupor. The preparation of the blood depends 
upon its being properly subjected to the action of oxygen 
in the lungs, that is, it depends upon the quantity and 
purity of the air we breathe. Hence, sleeping-rooms, 
' school-houses, and workshops should, wherever it is possi- 
ble, be large, and, in all cases, well ventilated. The sub- 
ject of proper ventilation should be specially attended to 
in churches and other rooms intended for the accommo- 
dation of large audiences. 

102. Cases occur in which the brain has a naturally 
excessive activity. If this is not of itself disease, it is 
always liable to terminate in disease. Children of more 
than ordinary capacity, especially if there is an obvious 
precocity of intellect, should not be stimulated to exertion, 
but should be held to some extent in check, and their 
attention should be turned, not, however, in such a way 
as to attract the notice of the child and make him aware 
of the purpose, to a large amount of physical effort, and 
in the open air. This is more important^ because this pre- 
dominating development and activity of the brain is most 
frequently found in children of a generally weak physical 

.organization and of scrofulous tendencies. 

103. The successful intellectual activity of the brain 

is pnre blood necessary ? What does the proper preparation of the blood depend 
npon ? What practical roles does this suggest ? 

• 102. Can the brain have an activity too great to co ;sist with health ? What 
caution does this suggest ? 
103. What is the Ust condition of the proper exercise of the brain f 
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^depends in a great measure on the predominant emotions* 
JNo person can think yigorously and reliably with a habit- 
,nally desponding and melancholy temperament Such a 
state^ if prolonged, is a diseased pne, and is to be treated as 
such. Our Creator has established a generally hopeful 
tendency in the healthy mind. It is only when buoyant 
.emotions are prevalent that the brain can be active, with- 
.out leading to morbid, unsocial, morose, and perhaps in- 
sane condition of the mind. 



Section II,r^Ths Spinal Cord. 

194. The spinal cord is the continuation of the medulla 
oblongata from tho magnum foramen to the sacrum. It is 
divided by deep fissures in front and behind (2, 2 Fig. 63), 

Fig. 63. 





1 The spinal corfl. 2, « The 

dei<roj»s«ian«» on the fWwit 

and hiick 9ldei«. 8, 3 The 

cn;)inat c«pal. 4. 4 The 

membranes extending 

to the pideB of the canu 

by v^hich .the cord is 1 The Bphial cord. 3. 3 The nia mater. 8, 8 The 

supported. li^ments by which the Ppinal cord if* retained in 

iti« place. 4. 4 Points by which the Hf^ments are 
aiUched to the wails of the vpinal caual. 

into right and left halves, and by slight depressions on the 
sides, into anterior and posterior portions* The central 

Seetim* //*•— 104. Deocr^be the position of the spinal cord. Its diyisions. 
lis composition, lu membranes. The means by which It is retained in Ms 
placa. 
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portion is composed of gray substance (see Fig. 62), as in 
the medulla oblongata, and the exterior of white sub- 
stance. The dura mater and arachnoid membrane form a 
lining to the spinal canal. The pia mater forms a sht^ath 
which incloses the spinal cord. This cord is smaller than 
the canal in which it is inclosed. The space between the 
cord and the sides of the canal is filled with a fluid secre- 
tion from the arachnoid membrane, and the cord is re- 
tained in its position by folds of the pia mater (3, 3 Fig. 
64), which are prolonged at points (4, 4), so as to be at- 
tached to the sides of the spinal canal. 

105. We may now inquire more fully into the functions 
of the white and gray parts of the nervous system. 1st, 
the "white substance It is fibrous in appearance, and 
the fibres are found to be minute tubes, which are regarded 

, as channels of communication from the points where they 
originate to the points where they terminate. One class 
of these tubes is so constituted as to be acted upon only at 
the extremity most remote from the brain. They receive 
impressions from light, heat, vibrations, etc., and carry 
these impressions to the brain. They are called afferent 
nerves. Another class of nerves is acted upon only at 
the extremity which is in the brain or some other nervous 
centre. They carry outward to the muscles the impres- 
sions of volition, and thus produce the several motions of 
the body. They are called efferent nerves. But in 
both cases they are mere carriers. 

106. These tubes of white substance escaping from a 
nervous centre are continuous in the nerves throughout 



105. What is the Btractnre of the white pnbstance ? What is its AiDCtiou f 
What is the peculiarity of the afferent nerves f What of the efferent nerves ? 

106. Does a single nerve ever, hy its branches, commnnicate with two or 
more nervous centres? How arc the nervous centres connected? Give 
instances. 
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their whole extent ; that is, they do not receive or give 
off branches. A tube traced backward from a given point 
of the finger is a single tube till it reaches its nervous 
centre. But the several parts of these nervous centres are 
united by a very abundant amount of these fibres of com- 
munication. Thus the white substance of the two hemi- 
spheres is united by the corpus collosum. The white sub- 
stance in the halves of the cerebellum is united by the 
cross fibres of the pons varolii (Fig. 58, a), A part of the 
fibres of the spinal cord cross at the magnum foramen, so 
that both hemispheres and both parts of the cerebellum 
are connected with both halves of the spinal cord. The 
great sympathetic we shall find connected, in like manner, 
with all of the other parts of the nervous system. 

107. Secondly, the gray substance. It consists 
mostly of cells, which seem to be undergoing constant 
change. It is the source or the repository of all the power 
of the system. 

In the hemispheres it is the organ of all thought, whether 
manifested in memory, reasoning, intuition, volition, or 
motion — the white fibres receiving from it impressions 
which they distribute as may be required. 

It is also the recipient of all impressions which the af- 
ferent nerves convey. In this substance, therefore, all sen- 
sation takes place, all knowledge of the external world is 
produced. 

IC8. Exjieriments seem to indicate that the function of 
the gray substance of the cerebellum is in regulating vol- 
untary motions. It does not produce motion, but it ad- 
justs it, as in the complicated acts of balancing the body 
in walking, the movements of skill in penmanship and 

107. What i» the fanctlon of the gray sabBtance ? What is its function in the 
bemiopheres of the ccrebrnm f 

108. What is its fanction in the cerebellum ? 



Digitized by 



Google 



90 THE SPIlff AL COJBLD 

other arts, and the control of the muscular movements 
i^pon which the modifications of voice depend. 

IM. The gray substance of the medulla oblongata fur^- 
nishes the involuntary force upon which the movements of 
respiration and circulation depend The gray substance 
of the spinal cord determines the involuntary motions of 
the body generally. Thus the medulla and spinal cord 
are independent nervous centres, and the white substance 
transmits the power thus furnished. But it is only a por- 
tion of the white fibres that are thus used Others go to 
the brain, and thus establish relations between the centre 
of intellect and other parts of the body." 

'* If the hand or foot be irritated, an impression is conveyed by the sen- 
sory nerve to the spinal cord, and immediately the corresponding motor 
nerve communicates a convulsive movement to the corresponding muRcles. 
^ence the motion is called reflex motion. It depends on the spinal cord 
alone, for if this cord be divided both above and below the or'gin of thes^ 
nerves, the reflex motions are still produced. The movements of respira- 
tion, the action of the he^rt, and the involuntary motions generally, are 
of this reflex kind. 

The discovery of this independent function of eacn pornon of the spinal 
ford establishes 9l close resemblance between it and the ganglionic sys- 
tem of the lower orders of the animal kingdom. If the anterior and poa^ 
tcrior parts of a centipede be cut off, it will still continue to crawl, the 
ganglion corresponding with each pair of legs acting as an indep^ ndent 
fiervous centre to give them motion. But the motion in this case will be 
invariably in a straight line, regardless of obstacles. The same insect 
has in the head a ganglion larger than the rest, called the cephalic gan- 
glion, with which every pair of legs also communicates ; and when this 
communication exists, the animal will move by the reflex action of the 
other ganglia, and yet it will avoid obstacles. Hence we must regard this 
cephalic ganglia as the seat of intelligence, though it may b3 of a very low 
order. 

We should then conclude that the functions of mere animal life reside 
in the spinal cord, and that all mental fnnctions belong to the cephalic 
ganglion. This is true in all the grades of animal life. Such is the 

109. What is its Amotion in the medulla ? W^t in the spinal cord I 
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Section III. — Tihe Nerves. 

110. The nerves are small white corns which pass out in 
pairs from the brain and spinal cord, and spread themselves 
through every part of the body. Like the spinal cord, 




A lonsritndlnal and vertical section of the Brain, and a pide view of the Mednlla 
Ohlonffata. a a a The cerebmm. b ITie cercbennm. e d The nplnal cord. The 
medulla oblongata U its extension upward, e The corpn? cKllosnm. 1 The 
©'factory nervie. 2 The optic nerve. 3 The moror ocnil. 4 The trochlearin. 

, 5, 5'. 5" The trigeraini, 6 The abductor ocali. 7' The auditory nerve. 7 The 
facial nerve. 8 The glon^o pharyn?ial nerve. 8' The par vaomm. 8" The 
spinal accesBOiy nerve. 8 The hypo-gloaMil nerve. 10, 11, 13 Spinal nerves. 



structure in the worm, tlie butterfly, the honey-bee, and the spider. Such 
is also the structure in the vertebrate animal. Even in this class, in its 
least development, there is no brain, scarcely even a cephalic ganglion. 
But as the animal rises higher in the scale of intelligence, the cephalic 
ganglion becomes larger, separate parts become distinguishable as the 
-animal comes to possess a separate and peculiar character, and finally w6 
have in man the largest brain and the fullest mental powers. 

Section ZJZ»— 1 10. I>escribe the serres. What is the first class of nerves t 
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they are composed of gray and white matter, and are in- 
closed in sheaths, which are formed by extension of the 
three membranes which inclose the brain. 

I. The Cranial Nerves, 

III. There are nine pairs of nerves which pass out 
through the cranium : 

(a) The olfactory (1, Fig. 65), arises from the fissure 
between the anterior tfnd middle lobes of the brain. It 
passes out, by several fasciculi, through the perforations in 
the ethmoid bone, and is distributed to the different parts 
of the nose. 

(^)'The optic nerve (2), arises from the middle lobe, 
and enters the orbit of the eye through the optic foramen* 

(c) The motor oculi (3), arises just in front of the 
pons varolii, enters the orbit, and is distributed to most of 
the muscles of the eye-balL 

(d) The trochleaxis (4), arises from the side of the 
pons varolii, enters the orbit, and is spent upon the supe- 
rior oblique muscle of the eye, 

(e) The trigexnini (5, 5', 5"), arises from the pons 
varolii, a little below the origin of the trochlearis, by three 
roots, and passes out of the cranium by three branches, and 
is distributed to the ball of the eye, to the eyelids, to the 
interior of the nose, to the gums and teeth of the upper 
and lower jaws, to the tongue, and to the ear. 

(/) The abductor oculi (6), arises from the anterior 
portion of the meduDa oblongata, below the pons varolii, 
passes to the orbit, and is spent on the external straight 
muscle. 

(g) This pair consists of two nerves," the auditory 

" There is no reason why this pair should not be re^^rded as two 
pairs, except the fact that they escape from the cranium toj^ether. The 

111. Dei*cribe the origin and dii^tribntion of the olfjActory nerve. The optic 
nervOf etc. What \s the eecond cla»« of nerves i 
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and facial (7, 7% which arise 
from the medulla below the 
pons varolii. The auditory 
portion passes through the tem- 
poral bone to the interior of the 
ear, where it terminates. The 
facial portion winds through 
the cavities of the temporal 
bones till it escapes in front of 
the mastoid process. It is dis- 
tributed to the face. 

(A) The eighth pair is com- 
posed of three nerves (8, 8', 8"),. 
the glosso - pharyngeai 
which arises from the middle 
of the posterior part of the me- 
dulla oblongata; the par va- 
gitm, which arises a little below 
the preceding ; and the spinal 
accessory y which arises from 
the i)08terior part of the spinal 
cord for two or three inches 
below the magnum foramen, 
and passes up into the cranium. 
These three nerves pass out of 
the cranium together. The 
first branch is distributed to 



Fig. 66. 




1, 1 The cerebrom. S, 2 The cere- 
bellnm. - 8 Thu medulla ohtoosrata. 
8, 4 The ppinal cord, 6 The dor- 
sal nerve?. 6 The vacral nerves. 
7 The axillary plexus. 8 The 
lumbar plexus. 



Andttory and facial porrions arc distinct in their origin, as will be seen 
fri^m the fi^nre. They are different in structure, one being a dense, firm 
nerve, and the other very soft They are entirely different in their distri- 
bution and functions. One goes to the face, and the other to the ear. 
One is a nerve of sensation, and the other of motion. The same mi^ht 
be said generally of the three portions of the eighth pair. Accordingly, 
many anatomists represent the cranial nerves as consisting oC twelve, in* 
stead of nine pairs. 
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the tongue and pharynx, the second to the lungs and 
stomach, and the tliifd to the muscles of the neck. 

(i) The hypo-glos8U8 (9) arises from the lower ante- 
rior portion of the medulla oblongata, and is spent upott 
the tongue. 
[ II. The Spinal Nerves. 

112. There are thirty pairs of nerves which arise from 
the spinal cord (Fig. 66). 

{a) The sub-occipital nerve escapes from the spinal 
cord between the occipital bone and the atlas. 

{h) The cervical nerves, of which there are seven 
pairs, escape through the Intervertebral foramina, below 
each cervical vertebra. 

(c) The dorsAl nerves, of which there are twelve 
pairs, come out from the spinal cord below each dorsal 
^^'^^- '*'- ^ vertebra. 

{d) The Inmbai' 
nerves, five pairs, es- 
cape below each lumbar 
vertebra. 

{e) The sacral 
nerves, of which there 
are five and often six 
pairs, escape through the 
foramina of the sacrum. 
1 IS. Each of the spinal 
nerves arises from the 

a The pplnal cord, ft c the two motPofwhldi Spinal COrd by two roots 
each spinal nerve is formed, d The sriliurllon /, ^ -r,. an \ ^«^ ^r 
formed on each popterior root. « The nerve (^f Cy rig. D<,^ one OI 
,ftertheJuncllonofUie.woroot.. ^^j^j^ ^^^^^ ^^^ ^^^ 




112. How mAny puirtt of spinal nerves are there ? Giye the ori^^n and each 
. division of these nerves. 

113. How dn these fier%'e<i arice f^m the npinal cord ? What Is the peculiarity 
Of each posterior root ? How \& the whole nerve finally funned ? . 
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General distribntion of the nerves of the pyptem. 
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anterior and the other from the posterior portion. The 
posterior root, h, forms a ganglion ; that is, an enlargement 
of the nerve into an oval form, c?, just after the nerve es- 
capes from the intervertebral foramen. At a little distance 
from the ganglion the two roots ujiite to form one nerve, 
e, and every branch of the nerve in its distribution through 
the body contains fibres of each root. 

114. The sub-ocQipital nerve and the first three cervical 
are distributed to the muscles of the neck and tlie integu- 
ments of the head. 

The four inferior cervical and the first dorsal nerves 
unite to form the axillary plexus (7, Fig. ^Q), (a network of 
^ig-6^ veins, Fig. 69, produced by 

division of nerves into several 
branches, and their crossing, 
recrossing, and interlace- 
ment), from which the nerves 
of the upper extremities pro- 
ceed. 

All the dorsal nerves (5), 
except the first, ar^ distrib- 
uted to the muscles and in- 
teguments of the back, tho- 
rax, and abdomen. 

A plexus or network of nerves. The lumbar nerVCS (8) 

form the lumbar plexus which rests on the spine in the 
lower part of the abdomen. This plexus furnishes the 
nerves to the muscles and other parts contained within 
the pelvis. 

The sacral nerves form the sciatic plexus, which is situ- 



114. What are the nerves which supply the neck and head ? How are the 
upper extremities supplied ? What is a plexus ? What is the distribution of 
the dorsal nerves t What of the lumbar nerves ? How are the lower extremities 
supplied? 
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ated below the lumbar plexus aud within the pelvis. It 
furnishes the nerves to the lower extremities. ^ 

115. Such is the general distribution of the nerves of 
the head and spine ; but throughout the system they in- 
terchange filaments so frequently, that a common sympa- 
thy is established between all parts of the body^ 

III. The Great /Sympathetic Nerve, 

118. This nerve (Fig. 70) consists principally of a chaii 
of ganglions, situated on each side of the spinal column 
in the neck, thorax, abdomen, and pelvis. Three of these 
ganglions are placed on the cervical vertebrae, twelve on 
the dorsal, five on the lumbar, and generally three or four 
on the sacrum. The ganglions are connected together by 
short nerves. Each spinal and several cranial nerves send 
filaments to the ganglions. It is then a system of gang- 
lions connected together and to the general nerv^ous centre 
of the body, at a large number of points, by nerves;; and 
from it arise, at different points, other nerves having pecu- 
liar functions, and distributed to the lungs, the heart; the 
arteries, and to the viscera of the abdomen. 

IV. Functions of the Nerves. ; 

We have before spoken of the afferent nerves, which are 
nerves of sensibility, and of the efferent nerves, or nerves 
of motion. But for our present pnrppse they may be di- 
vided, according to their ftinctions, into four classes. 

117. (1.) The nerves of special sensibility. These 
are the olfactory nerve, which conveys only the impression 
of odors; the optic, which conveys only impressions of 



116. What ie the effect of the interchan^ ot fllaraents between the nerves r 

116. De^tcribe ihe ^rreat pyropathetic nerve. What is the distribution of the 
nerves coming from the great sympathetic ? Into how many classes are the 
nerves divided f 

117. What are the nerves of special sensibility r How are thoee sensations 
accunnted for, when there is no external object corresponding with the sensa- 
Uouf 

6 
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light ; the lingual branch of the fifth pair, which conveys 
only impressions of taste ; and the auditory, which con-* 
vevs no other impressions than those of sound. 

Under peculiar circumstances these nerves may be af- 
fected by other means than those which ordinarily excite 
them. Thus, there may be a sensation of light occasioned 
by a galvanic shock." There may be a sensation of distant 
thunder, or of ringing of bells, or music, occasioned by at 
diseased state of the head. It is to be supposed in such 
cases that the nerve, by unusual means, is brought into 
the same state into which it would be brought by the pres- 
ence of its ordinary stimulus. The inference then is, not 
that the r.erve is insensible to the influence of other physi- 
cal agents, but that by whatever agent it may be acted 
upon, it can convey to the brain only particular impressions, 
those for which it is specially fitted. 

118. (2.) The nerves of general sensibility. Th^ 
fifth pair, or trigemini, with the exception of the lingual 
branch, is the nerve of general sensibility to the organs 
of the senses. It cannot convey the impression of odors, 
light, taste, or sound. Its action is, however, necessary ia 
producing these impressiona; for when it is severed or 
injured, the nerves of special sensibility lose the power of 
conveying their appropriate impressions. 

119. The posterior roots of the spinal nerves are the 
nerves of general sensibility of the body. These nerves 
convey the general sensations of pressure, temperature, 
form, weight, etc." 



" For a similar reason, a person who has fallen upon his head will de- 
scribe the sensation by saying that he " saw stars." 
•• The mind always refers the sensations produced by these nerves to 

118. What is the second claes of nerves ? Describe the ftmctions of the fifth 
p&'r. 
110. What are the spinal nerves of general sensibility? What are the fuuo 
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There is another class of sensations referable probably 
to these nerves, and yet not with certainty. They imply 
particular conditions of the body, and are in many cases 
of the nature of overseers to notify us of our wants. Among 
these sensations are those of hunger, thirst, nausea, fatigue, 
and several others. 

Besides these definite sensations, there is an indistinct 
and diffused sensibility depending upon the nerves. They 
may be so active as to produce extreme excitability, or they 
may be so inactive as scarcely to convey to the mind tha 
impression of the continuance of life, an absence of sensi- 
tive enjoyment. The state intermediate between these 
two is the only one consistent with health and efficiency ; 
one in which there is a feebly observed but constant com- 
munication between the surface of the body and the mind 
— such an amount of sensation as to result in the general 
feeling of satisfaction and contentment 

120. These neiTes also act the part of sentinels. We 
have seen that they are most abundantly supplied at the 
surface of the body, and it is from without that danger is 
mostly to come. The pain which they cause when the 
surface is injured is both the waniing of our danger and 
the motive to attend to it These sentinels are in every 
part of the surface of the body, so that the point of a 
needle cannot be put down where they will not be found, 

the extremity of the nerves. Thus, a person whose limh has heen ampu- 
tated will, when the remaining part of the nerve is affected, refer the sen- 
sation of pleasure or pain to the part in which those nerves terminated 
while the limb existed. 



tions of thepe nerves? What eensationt* are referred provisionally to them? 
DeHcribe the diflfiif»ed eensibillty referable to them. 

1 20 How do thepe nerves act as sentinels ? Why are they most abnndant at 
the Piirface ? In what respects are they an evil ? How is this evil overbHlancd 
by arlvantaofe ? la the evil as great as is generally sapposed ? How may Id be 
overcome ? 
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and their warning is instantaneous, authoritative, and gen- 
erally proportioned to the danger. To realize their impor- 
tance, we have only to reflect how constantly and seriously 
we should be exposed to injury from bums, wounds^ 
bruises, etc., if we were deprived of this kind of warning. 

It is true that these nerves may also sometimes be very 
much in our way. Thus, in case of amputation or other 
surgical operation, much suffering necessarily results from 
the sensitiveness of these nerves, without, so far as we can 
see, any direct advantage. But, in the first place, the sen- 
sitiveness from which we suffer under such circumstances 
has been the means of preventing the necessity of such 
operations more frequently ; in the second place, this high 
degree of sensitiveness exists only at the surface, so that 
such oj^erations are less painful than we are accustomed 
to suppose — the bones, muscles, and other deep parts being 
very indifferently supplied with sensitive nerves ; and iii 
the third place, the medical art has furnished the means 
of suspending, temporarily, this sensitiveness. 

121. These nerves are not essential to merely animal 
life. They may be severed so that the individual will be 
insensible to any form of external injury, and not even 
know whether his limbs are connected with his body or 
not, except as he learns it by the sense of sight, while he 
may yet possess perfectly the power of motion, and while 
the appetite, digestion, and general health are unimpaired. 
Cases have occurred which justify these statements, and 
they have been proved by experiments on the lower 
animals." 



•• There was a pereon in London, some years since, in whom on one 
side of the body the nerves of sensation alone were perfect, and on the 
• other side the motor nerves, and those alone, were capable of performing 
their function. 

121. Are these nerves absolately essential to animal life i 
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122. There are some ppculiar adaptations in tliese nerves 
to the kind of sensitiveness required. Thus, the exposed 
part of the eye is extremely sensitive to particles of dust, 
which, if allowed to collect, would soon destroy its trans- 
parency ; but sensitiveness to violent injury would answer 
no good end, and accordingly hard pressure upon the eye 
— and even piercing it, in operation for cataract — is not 
very painful. In like manner, the muscles of the iris are 
sensitive only to light; nor are they sensitive to light 
thrown upon them, but to light admitted into the eye, the 
object being to graduate the quantity of light which the 
eye receives. In accordance with the same principle, the 
brain, which could receive no protection by a high degree 
of sensitiveness, is nearly insensible, so that considerable 
portions of it have been, in some cases, removed without 
producing pain. 

There is another adaptation seen in the sensitiveness 
varying with the need for it. The bones, cartilages, ten- 
dons, etc., have ordinarily but little sensitiveness, but wheft 
inflammation takes place in them they become painful in 
the extreme. It is only when they are in a diseased con- 
tiition that susceptibility to pain could do us any good. 
Its severity is proportioned to the urgency of the case, for 
these deep-seated inflammations are always of a more 
serious character than the superficial ones. On the same 
principle any part becomes specially sensitive under in- 
flammation, in order to compel us to care for it while it 
Heeds care. 

Of a somewhat similar character is the relation of the 
nerves of sensation to those of motion, when under the 

1 22. Give instances* in which the nerve, by the kind of pensation that It can 
•convey, ie adapted to the wants of the part to which It is distributed. Show how 
the variations of sensitiveness are an adaptation to the wants of the system. 
How are the different capabilities of the nerves of sensation and of motion to 
resist the effects of cold a provision for oar protectioA i 



Digitized by 



Google 



THE NEltVES. 103 

influence of intense cold. When any part is in danger 
of freezing, the sensitive nerves occasion severe pain, and 
^e are thus admonished of our danger. But while the 
nerves of motion still retain their power, and there is, 
therefore, a possibility of making farther efforts to secure 
our safety, the sensitive nerves lose their power. The oes- 
«ation of the pain frees us from the continuance of suf- 
fering, while by the change it again warns us that there is 
still a last chance of safety. 

12S. (3.) The nerves of voluntary motion. Four 
pairs of the cranial nerves are connected with the volun- 
tary motions. The motor oculi, the trochlearis, and the 
abdnctor oculi govern the motions of the eye, and the 
hypoglossus governs the motions of the tongue. 

The anterior roots of the spinal nerves are the source 
of all the other voluntary motions of the system. Although 
there is this distinction of functions between the anterior 
and posterior roots of the spinal nerves, yet they sustain 
■a most intimate relation to each other. The anterior roots 
are the means of communication between the organ of the 
mind and the muscles, by which motions are produced, 
while the posterior roots are the means of communication 
between the muscles and the organ of the mind. A com- 
mon form of expressing this relation is, that the nerves of 
motion carry the mandates of the will to the muscles, 
and the nerves of sensation convey back to the mind a 
knowledge of the condition of the muscle ; they inform the 
mind whether or not its mandates have been obeyed. 
Thus the circuit is completed when it commences at the 
brain. At other times it may be regarded as originating 



1 as. What is the third class of nervee ? What are the cranial nerves of this 
^i virion, and what motions do they control ? What are the spinal nerves of vol- 
untary ntotien ? Describe the relation between the nerves of sensati<Hi and those 
of motion. 
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in some circumstance exterior to the body, a knowledge of 
which is conveyed to the mind by the nerves of general or 
special sensibility, and the mind controls the muscular ac- 
tion as the knowledge communicated may render desirable. 

121. (4) The nerves of involuntary motion. 
The nerves which control the involuntary motions of the 
system are the facial portion of the seventh pair, the 
eighth pair, and the great sympathetic nerve. 

The facial nerve is the one upon which depends the expres- 
sion of emotions in the face, such as joy, grief, fear, anger, 
revenge, etc. These motions of expression may, by long 
practice, be brought, to some extent, under the control of 
the will, so that when the emotions exist they shall not 
be depicted in the face, or so that there may be expression 
of them in the face when the emotions do not exist.*" But 



*• It has, however, been said that some actors have obtained so complete 
control over this nerve, that they could not only give the expression of 
any emotion at pleasure, but that, to some extent, they could represent 
one class of emotions by one side of the face, and another class^ at the 
same time, by the opposite side. 

The aborigines of this country have great power, not in giving the ex- 
pression of emotions which do not exist, but in suppressing the expression 
of emotions which they do feel. Hence the comparison, " impassible as 
an Indian." They are said to have cultivated this power from the desire 
to prevent Europeans from thus learning their wishes and taking advan* 
tage of them. 

The unwillingness which many persons feel to exhibit their emotions is 
not natural, and can scarcely be justified. This susceptibility was given 
us for wise purposes. Why should we be unwilling to show proper emo- 
tions ? and why should we not allow upon ourselves this check against 

124. What Is the fourth class of nerves f What nerves belong to this clas»8 f 
What are the ftinctions of the facial nerve ? To what extent may these motiona 
become voluntary ? What eas*ier way to avoid or exhibit the expression of emo- 
tions f What nee do actors make, of thls» fact ? What is the dietrlbniion and 
clHce of each nerve of the eighth pair ? To what extent is the great sympathetic 
connected. with the other portions of the nervous syHtem ? With what are its 
branches associated ? What is their distribution and office t 
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this control is generally yery imperfect. It is much easier 
to control the emotions than to control the natural ex- 
pression of them when they arise. Hence it is that actors 
strive to awaken the emotions in their own mind which 
they wish to represent, and allow the natural expression 
of them in the countenance, rather than attempt to give 
the expression of them when they do not exist. 

The three parts of the eighth pair of nerves have sepa- 
rate functions. The glosso-pharyngeal directs the motions 
of deglutition ; the par vagum seems to act in conjunction 
with the great sympathetic ; and the spinal accessory di- 
rects those involuntary motions of the neck and shoulders 
which take place in coughing or sneezing. 

We have seen that the great sympathetic is mtimately 
associated with the other portions of the nervous system 
by numerous filaments It, however, seems to be, to a 
great extent, a system of independent nervous influence. 
The nerves which it gives off become associated with the 
branches of the par vagum, and together they form sheaths 
of nervous matter around the arteries ; they also collect in 
plexuses on the heart, the diaphragm, the stomach, the 
kidneys, etc., to all which organs they supply the requisite 
nervous influence.*' 



improper emotions ? This involnntaiy manifestation of emotions is one 
of the most pleasing elements of social life, while it is also a safeguard 
against injury, becaase it is the natural warning which excited passion 
always gives. We are most charmed by those whose emotions are strongly 
painted in the face, but we are always suspicious of the person who can 
keep his emotions to himself. 

*' A fifth class of nerves is generally introduced, which preside over the 
respiratory movements. As this motion is both voluntary and involun- 
tary, it is supplied with both kinds of nerves. The involuntary are always 
active, yet the voluntary nerves can, for a short time, control their action. 
Sir Charles Bell, who first proposed this as a distinct division, also no- 
ticed a peculiarity in the origin of these nerves, namely, that they take 

5* 
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CHAPTER n.— OF THE ORGANS OF THE SENSES. 

Section 1. — The Seme of Sight, 

Hi. The fitructure of the organ of sight may be con- 
sidered in reference to its external and internal parts. 
1st, the external parts. The orbit of the eye is a 

deep cavity, situated in the upper part of the face and 
directly under the anterior lobe of the brain. The ball 
of tiie eye is lodged in the orbit, but does not entirely fill 
it. The space between the ball and the orbit is filled with 
muscles and adipose substance. The muscles and theit 
Bction have been elsewhere described. The adipose sub- 
stance serves to fill up the irregularities of the orbit and 
AS a cushion for the balL 

The front part of the eye, so much as can be seen by 
lifting the lid, is covered by a very delicate membrane, the 
ooi\]imctiva, which possesses extreme sensibility to th6 
presence of minute foreign particles upon the surface, and 
is therefore an important protection to the eye in main^ 
taining its transparency. The eye is farther protected by 
the lids, at the edges of which, as a curtain, are attached 
cartilages, which keep the lids in form, and serve for the 
attachment of the muscles to open and close them. 

their rise in the Upper part of th6 Bpi&al cord from & lateral portion, in- 
termcdiate between the voluntary and involuntary portions of the cord, aS 
If the two had here blended into a common tract, for the purpose of giving 
to the nerves from this portion this double character. 

Chapter II. SeeUoml.-^VlS. What are the external parts of the eyef 
Describe the orbit. What besides the ball of the eye does ittiontain ? Describe 
the muscles Of the eye. (See Appendix.) What is the conjanctiva f What is its 
office t Describe the eyelids. By what mnFcle is the upper lid raised ? By what 
muscle is the eye closed ? Describe the lachrymal eland. How is the lachrymal 
Jtecretion useful ? How is it disposed of i YfhAt eircauisunced lead to uio^Mie 
this tecx^tioa r 
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The lachrymal gland (1, Fig. 71), about the size of an 
almond, lies in the upper outer part of the orbit, and fur- 



Fig. 71. 



nishes, by several ducts (2), a fluid 
secretion which is spread over 
the eye every few seconds by the 
motion of the lids. Its object is 
to prevent friction by the motion 
of the lid, to keep the surface 
moist, and to wash off whatever 
may have fallen upon it. This 
fluid collects finally at the inner 
corner of the eye, and is taken 
up by two capillary tubes, the 
puncta lachrymalia (3, 3), and 
by them conveyed to the lachry- 
mal duct (4), and is thence dis- 
charged into the nose." The 
current of air passing through the nostrils will generally 
cause the evaporation of whatever moisture is thus thrown 
into the nose. In a diseased condition of the eye, or from 
particular states of mind,*- this secretion may be increased 
till the current of air does not take it up, or even so much 
that it escapes as tears outside of the eye. 
126. 2d. The internal parts of the eye. The ball 




1 The 1flchr3rinal ^and. 2 The 
ducts by which its secretions are 
conveyed to the eye. 3, 8 The 
puncta lachrymalia. 4 The lach- 
rymal duct. 



*• The lachrymal 4uct is lined with a continuation of the membrane of 
the nose, and in case of colds, this membmnc is liable to become thickened 
90 ranch as to fill the duct. When it becomes permanently filled, a small 
metallic tube may be inserted, and is found to answer the purpose perfectly. 
When this is not done the eye becomes inflamed, and the sight is in danger 
of being lost. 

*• This secretion is increased when any extraneous matter gets into the 
eye, for the purpose of washing it out. Why it should be increased by 
mental emotions we do not know, yet such is the fact, and it is certain that, 
in some way, it does tend to mitigate the crushing influence of deep grief. 

126. What id the shape of the eye.-ball ? By how many layers or coats is the 
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of the eye is nearly a perfect sphere, with the exception 
of the protuberant part (2, Fig. 7:^) in front, whica is a 

Fig. 72 




Sec* Ian of the Eye. 1 The pclerotic coat. 2 The coraea. 3 The choroid coat. 
6, « The irie. 7 The pupil. 8 The retina. 9 The ciliary procenpcs* from the 
choroid coat by which the crystalline lens is supported. 10 The anterior chain- 
b r of the eye. 11 The posterior ciiamber. 12 The crj-sialline lein?. 13 I'he 
vitreoas hamor. 15 The optic nerve. 16 The artery ol' the interior of the eye; 

small segment of a smaller sphere than the body of the 
ball. The ball is siipi>orted in its form by sevend mem- 
braneous layers. 

The outermost is the sclerotica (1), a dense, opaque 
membrane, commonly referred to as the "white of the 
eye," which forms an entire envelope for the eye, except 
a circle of about half an inch diameter in front. This 
space, the protuberant part of the eye, is covered by ano- 
ther membrane, the cornea, which may be regarded as 
a continuation of the sclerotica, and which differs from it 
principally in being transparent. The iris (6) is a small 
membrane attached to the anterior edge of the sclerotica. 



eye f»nrronnded ? Depcrihe the pcleroiica. The cornea. Describe the iri«». 
What ii* the* pupil ? What is the e 3Cond coat of the eye ? In what state i* the 
interior of this coat ? What i.» the ase of this pijjinent ? What is the thirt coat 
of the eye? Deifcribe the retina. - 
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The circular orifice (7) in the centre is the pupiL The 
iris is composed of circular and radiant muscular fibres 



Fig. 73. 




(Fig. 73) by which the pupil may be en- 
larged or contracted, so as to increase or 
diminish the amount of light admitted 
into the eye. 

The second envelope is the choroid 
coat. It is within the sclerotica, in con- 
tact with it, and is terminated in front 
by a thickened edge called the ciliary 
ring. The interior of the choroid coat 
is covered by a black or very dark pig- 
ment, the use of which is to absorb any 
light which might otherwise be diffused through the eye." 

The mnermost layer is the retiua* It is formed by 
the optic nerve, which, after.it passes into the eye, is 
spread out into a thin, delicate ^et^v()rk, lining the whole 
interior of the eye, and is the seat of vision. 



A view of the IriB, 
showing the cinu- 
lar miit'cnlar fibres 
around the pupil, 
and the radiating 
fibi-ei^ reaching to 

' the circamiereuce. 



Fi.r. 74. 




A Anv point of a vnriabl" object from which ravB conic into iho t^yo tbroneh the 
pnpil, 1. 1, are convorsrrd principally by the lens 2, 2, and brought to afucuB on 
the retina at 4. 3, 8 The vitreous hamor. 



*• In imitaion ofthis pectiliarity of the eye, and to accomplish tbe same 
'Olject, it is the uniform practice to blacken the inside of telescopes and 
lother optical instruments. 
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1 J7. The eye is filled by three transparent substances^ 
the object of which is to concentrate the rays of light 
which enter the eye. The vitreous humor (3, 3, Fig. 
74) is in the posterior part of the ball, and occupies about 
four-fifths of its icavity. It is very similar in appearance 
to the white of an egg, but it is more viscid. The aque- 
ous humor is a perfectly limpid liquid, situated in the 
front part of the ball. The iris is suspended in this hu- 
mor, and divides it into anterior and posterior ichambers 
(10, 11 Fig. 72). The crystallilie body (12) is a solid 
double-convex lens, situated between the aqueous and vit- 
reous humors, and is suspended in its position by fila- 
ments from the ciliary ring. This lens increases in density 
from the circumference to the centre, and the convexity 
of the posterior is greater than that of the anterior face. 

128. Light is the only appropriate stimulus of the 
nerves of sight If we consider separately the rays which 
come from a single point of a visible object, we shall see 
that they are necessarily divergent. Those which enter 
the eye we may regard as forming a cone, of which the 
point of origin {A, Fig. 74) is the apex, and the area of the 
pupil (1, 1) is the base. The object of the refracting me- 
dia" of the eye is to bring all the rays of this cone to a 
point at 4. The cornea first acts upon the ray$ to diminish 
their divergence. The aqueous humor slightly increases 
this divergence, but not enough to overcome the eff*ect of 
the cornea. In this state those rays which pass through 

*• This is not the place to discuss the properties of light, and we must 
assume that the general laws of the refraction of light are understood. 

12T. With what are these coats filled? Describe the vitreons humor. The 
aqneoa!> hnmor. How is it divided ? Describe the crystalline lens. 

128. What is the physical agent in producing vi!»ion ? Why are the rays of 
light divergent as they enter the eye ? What is the object of the refiracting me- 
dia of the eye ? What is the eflfSect of each portion, and what is the final effec J 
When the rays of light are brought to a focus on the retina, what hi the .eff8Ci>r 
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iJie pupil and fall upon the crystalline lens (2, 2) are made 
to converge, and the convergence is so far increased by 
the vitreous humor (3, 3), that when they reach the retina 
they all fall upon the same point (4). The retina, which 
is an expansion of the optic nerve, and in which this point 
is situated, communicating directly with the brain, the 
sensation of sight at once exists in the mind. How the 
focus of light on the retina produces sensation we can form 
no idea whatever ; 1^ must receive it as an ultimate fact.** 

It is aj^imary law of vision that any point of a visible 
object is seen in the direction of a straight line from its 
focus ^4> Fig. 74) on ike retina, through the centre (5) of 
the pupil All the points of a visible object from which 
light can reach the ^y^ will be represented by correspond- 
ing points in the eye; and these points oft the retina, 
which, taken together,- constitute a perfect image of the 
object, will, when seen together, convey to the mind a dis- 
tinct idea of the object. 

It is the object of this Sense to Convey directly only 
ideas of the color of objects and their direction from us, 
and of solidity; but indirectly it becomes the most impor- 



*• It is important to fix in the mind, that we can form no idea how sen- 
sations are produced. We can trace the successive changes up to the 
brain, but we find nothing which would lead us to expect the result. 
When we examine the result, we see no reason why it should have been 
produced by the light, nor why light should be necessary. The study of 
nature, in every department, is continually bringing us to these limits of 
human power, compelling us to feel that these are not only unexplained 
facts, but are, in their nature, inexplicable to beings of our limited capaci- 
ties, and leading us to recognize, in all our investigations, the eidsteifce 
ever}-where of an efficient Cause, which can be only God. 



How docfi it produce thiP effect ? What le the direction in which a visible poinl 
\* #8 m ? If we *ee only points, how do we see any object ? What ideas dcfca 
the Mute of ^ight give a« directly ? What does it ^Ive indirectly ? 
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tant of the senses, by giving us the ideas of form, magni*- 
tude, distance, and motion. 

129. It is obvious that the highest points of an object 
(A, Fig. 75) will be represented on the retina by the low- 
Pig. 75. 




A and 6 Two points of a visible object. The pencil of rays from each point is 
broaght to a separate and perfect rocns on the retina, and each point is seen in 
the direction from a or 6 through the centre of the pupil. 

est points, J, and the lowest points of the object by the 
higliest points on the retina — that is, the pencils of light 
will cross at the pupil, and the image will be inverted. 
But the mind does not see the image any more than It 
does the object. Each point in the retina upon which the 
image is placed conveys to the mind an idea of its true 
position as referred to the object The point b is recog- 
nized to be at A, in accordance with the general law above 
given ; the point a at B, and so of every other point ; 
that is, objects are seen erect, and not inverted. 

130. Each point in one retina has a corresponding point 
in the other, and these two points sustain by our nature 
such a relation to each other, that when they are both 

1 29. Why will the image in the eye be inverted f Why then is not the object 
seen inverted ? 

1 30. Why do we see objects single with two eyes ? How may the eye be so 
affected that we shall see two objects when there is bat one t 
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acted on exactly alike, that is, by the same ofcjeci, they 
convey to the mind the impression of but one object ; but 
if, by a slight pressure of one eye from its natural posi- 
tion, we cause the same object to be represented on parts 
of the retina which are not corresponding parts, we see 
two objects, though there is but one. We, therefore, see 
objects single, though seen by both eyes, because they 
affect corresponding parts in both retinas. 

131. As the refraction of a ray of light depends in part 
on the degree of obliquity with which it falls on the re- 
fracting substance, it will be seen that the outermost rays 
(D D, Fig. 76) which come from a visible object, as they 




The ray A O papain cr thronprh the centre of the Ions Is not refracted at all. The 
rayp B B are refracted pomewhat. and come tojrelher at a C C meet at h, and 
D D are the moat refracted, and come to a focas at n. 

fall upon the lens more obliquely, will be most refracted. 
If the lens be of uniform density and have a spherical 
«urve, the outer rays will be brought to a focus at n, 
nearer to the lens than those rays which are more central; 

131. What is apherical aberration ? How is it corrected iu the eye ? 
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This 18 called spherical aberration. To obviate it 
and bring the focus of all the rajs at A, the crystalline 
lens is more dense toward the centi'e, in order to increase 
its refracting power nix)n the more central rays. Besides, 
the iris cuts off the extreme rays, and allows only those 
ftear the c^atre to enter the lens." 

f32. There are two circumstances in ieonnection with 
vision which are subject to constant yariation, namely, the 
distance of the object and the intensity of the light; and 
the eye has the power of adi^ting itself to these variations.. 
The amount of light admitted is controlled by the iris. 
After being in« full light for a short time, the pupil be- 
comes so small by the contraction of its circular fibres, 
that upon entering a partially dofised room we seem to be 
in utter darknessi so little light does the pupil admit. 
But very soon the tad ant fibn^a oi the iris contract^ the 
pupil enlarges, and enough light is received into the eye 
td give us distinct Visitfa^ IJimigh ttic light of the J-octn 
remains ihe same. The <A)jcct oa the iris is to guard the 
retina fixjm injary l>y exposure to too intense a light> and 
l^noe the muscles of the 3i"ifi are not directly sensitive to 
light It has been proved, by careful experiment, that 
light thrown upo^n the ms has no effect to contract the 

^ An adjustment is also necessair to prevent tlie effects of chrcmrt!ir'c 
aberration ; that is, to prevent the imaize on the retina being oolofrxl. in 
consequence of the dt^rent dep^rees of reflranjpbiliiy of rays of lip^ht of 
Hifleront colors. Tiih explanatkm reqniresii somewhat intimate acqmttnt- 
ance ^-ith optical principles. The eye is probably not absolutely achro- 
matic. Whatever correction for this aberration is made, is due to the pe- 
culiar combination of solid and fluid lenses in the eye. 

1 32. What are the two varying clrcnxnfttancee to which the eye mnst adap^ 
Itpelf ? How Is the amonnt of Mijht controlled ? Docp ptroncr or wenk light con- 
trol the action of the mascalar ftbreR of the irie as It M\t^ nnon them ? How is 
this action controlled ? Why eboold the size of the pnpO be controlled by the 
retina r 
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circular musales, and the contraction of the radiant mus- 
cles is not promoted by screening them from the light It 
is the retina itself which, in some unexplained way, reacts 
upon the iris to effect the contraction and relaxation of its 
muscles. Thus the control of these muscles is given to 
the part which they are designed to protect 

133. If rays of light come from two points (a and b, 
Fig. 77) it is obvious that those which come from the 

Fig. 77. 




The nj^ from dwMch fkll npon the lens A A, are nece«*Baiilv leno cttver^nt UMta 
thoge flrom the nearer point a. As thev diverge lew, they will require less 
l>endijig to bring them to a focoe, or by the pame be ndins; they will come to a 
focus ^ nearer to the lens than a\ the focus of raye from a. 

greater distance, J, will have less divergence, and will, 
therefore, come to a focus (at b') nearer the lens than 
those which have greater divergence. In order that this 
more distant object be distinctly seen, the retina might be 
brought forward from a' to b' ; or the refracting power of 
the lens might be diminished so as to keep the focus still 
at a\ The latter method seems to be adopted. The crys- 
talline lens, in its ordinary condition, is compressed by the 
ciliary processes, as a band around its circumference, and 
its front is bulged out so that it can sufficiently converge 
the rays from near objects. When a distant object is 
looked at, muscular fibres extending from 11, Fig. 72, to 

the edge of the choroid act on the band of ciliary pro- 

^ ' 

133. Why \» an adjuBtment neceBfiary to Bee objects distinctly at different dis- 
tances ? How Is this adjuftment made ? 
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cesses, drawing it slightly away from the lens, which then 
takes its uncompressed form and becomes flattened ; that 
is, it loses a part of its converging power, just enough so 
that the less divergent rays from distant objects will come 
to a focus on the retina. Thus the eye is adapted to dis- 
tinct vision at varying distances. 

134. When both eyes see the same solid object, the right 
. eye must see more of it on the right side, and the left 

eye more of it on the left side, and yet we are conscious 
of only one object, but we are conscious of it as a solid. 
The stereoscope is an optical instrument so constructed 
that we may see at the same time two pictures of a solid 
body, not exactly alike, but diflering from each bther just 
as the ipiages do on the two retinas. The tw4 pictures 
give us, the conception of only one object, but; it is not 
the conception of a picture ; that is, it is not the concep- 
tion of a plane surface, but of a solid body. It seems, 
then, that we are constituted so as to get, by the use of 
two eyes, the notion of body, or solidity. 

135. There are persons in whose eyes the retina is natu- 
rally so far from the lens that only those objects can be 
distinctly seen that are very near : there are others in which 

" Another peculiarity of the eye is, that the retina retains for a very 
short time the impressions which it receives — not long enough to prevent 
other impressions from being received almost immediately, but yet enough 
so that a rapidly moving point gives ns the conception of a line. If 
the impression on the retina were eftaceJ instantly on the discontinuance 
of the ray of light, we should be left for a moment in the dark every time 
the light is intercepted by winking. 

134. How do the imasres of the Bame polid body on the two retinas differ t 
What knowledije does this difference of the image convey to us f How Is this 
illustrated by the Ptf reoscope ? 

135. What ie the form of the eye in ehort-si^hted persons ? To remedy this 
derect, what chan«re mnst be made in the direction of the rays comingf fW>m dis- 
tant objects ? How is this chansre effected ? What is the pecaliarity of the e. e 
in long-Bightedness ? What glasses are required, and why ? 



Digitized by 



Google 



THE SENSE OF SIGHT. 



117 



the retina is naturally so near the lens that only very dis- 
tant objects are distinctly seen. In the first case, that of 
sbort-sightedness, it is necessary to increase the diver- 
gence of the rays ; hence concave glasses (Fig. 78) must be 




A cone of raye rendered more divei^rpnt by a concave len«i, a o, to r<»niedy phort- 
Biffhtednet*?. The rays from a distant object, A, enter the eye with the i»ame 
degree of diver^nce by the aid of the lens that they wonld if. witbout the 
lent*, they came from c. If the eye is adapted to eee dit>tiiictly au object at e 
u-itbout the lens, it mast also be adapted to distinctly see au object at b with 
the use of the lens. 

used. In case of long-sightedness, it is necessary to 
diminish the divergence when near objects are looked at, 
and therefore convex glasses (Fig. 79) are required. 

Fig. 79. 




A eone of rays rendered Icfs dlver^nt by a convex lens, a a, to remedy long 
sightcdness. The rftys fn»m a nearer object, 6, enter the eye with the haiue 
dlver«<ence. by the aid of the lens, a a, that they would if, without the lens, 
they came from c. The eye can see distinctly the more distant object, c, witli- 
out the leiip. It must then be able to see distinctly the nearer object, *, by tlie 
use of the lens, because the rays enter the eye as if they came from c. 

136. There is sometimes an imperfection in some of the 
appendages of the eye, by which they cannot move in such 
a way that the corresponding parts of the two retinas 

136. In what does squintinjr consist, and how C4in it be remedied ? In what 
does looking cross-eyed consist, and how is it to be remedied ? Do these defects 
of the eye produce double vision ? 
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shall be^ affected by the same object. Sometimes obb eye 
is weaker than the other, and we insensibly turn it toward 
the inner angle to reduce the amount of light received* 
The first of these is squinting, and the last is cross-eye. 
In both cases there is double vision ; the two eyes convey 
different impressions of the same object The mind, how- 
ever, soon accustoms itself to attend to but one of the 
impressions. By shading the eye and directing attention 
to its motions, cross-eye may easily be cured. Squinting 
can be cured only by a surgical operation, and this is not 
always successful. 

187. The sight is improved by practice, like every oth« r 
organ, but it requires care. There is no other organ more 
likely to be overtasked. This may be by using it too con- 
tinuously without rest, or with too strong or too weak a 
light. Reading at twilight is a very common way of in* 
flicting injury upon tbo eye. The evil first appears as a 
slight inflammation. If the cause of injury is removed 
and rest is allowed, it may generally be cured by frequent 
bathing of the eye in pure water, as cold as it will bear 
without pain. Any other eye-waters are generally inju- 
rious, and should never be used, unless prescribed by a 
judicious physician. 

The eye is also apt to sympathize with a disordered con- 
dition of the general health. When this is the case the 
health and not the eyes requires attention. 

1 31. How iB the eye liable to injury f How ehoaid the eye nnder unch circnm- 
fttftnceB be treated ? How does the general health affect tli^ eye ! 'How should 
the ^e then be treated f 
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Section TL — The Sense of Hearing, 

188. The organ of bearing consists of the external ear, 
the ear tube, the tympanum, and the labyrinth. The ex- 
ternal eax (1; Fig. 80) is a cartilaginous substanoe. 

Fig. 80. 




The Ear. 1 The external ear. 2 The ear tnbe. 8 The membrana tympani. 4 
The t3n]ipannin. 6 The VH^tibule. 6 The cochlea. 7 The eemicircalar canals. 
8 The auditory nerve. 9 The Ent^tac^bian tube. 

situated around the orifice of the ear tube. It is probably 
useful to some extent in collecting the vibrations of the 
air and directing them toward the internal ear. Yet, in 
cases where the external ear has been destroyed or wan t- 
ing, the delicacy of hearing seems not to be sensibly di- 
minished* In the lower animals, the form, of the ear is 
more distinctly funnel-sliaped, and is movable at pleasure, 

9eetf4fn IM.—13S. Of whatdoes the or^an of hearing consist? Def>cribe the 
external ear. How do the lower animals differ from man in the form,ax2d use of 
the external ear f 
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80 that it may be directed toward the object from which 
sounds come. There are muscles suitably situated for 
giving these motions to the human ear, but, either from 
neglect or otherwise, these muscles are not under the con- 
trol of the will. 

' 139. The ear tube (3) is a cylindrical cavity extend- 
mg about an inch inward from the extenial ear. It is 
lined with a membrane cohtinubus with the external skin, 
and in thrs membrane are situated numerous follicles 
from which the ear-wax is secreted. 

140. The tympanum (-4) is a continuation of the ear 
tube for about a third of an inch, and is separated from 
it by a thfn membranous partition (3), the. membrana tyw- 
panL The cavity of the tympanum has, therefore, no 
communication with the external air through the ear tub<', 
but there is a long, funnel-shaped tube (9) proceeding from 
the upper and back part of the throat and opening into 
the tympanum. This is the Eustaohian tube, and 
serves to kee[;>,the air of the same tension on both sides of 
the membrana tympani. The tympanum communicates 
with the labyrinth by two small openings in the bone, of 
which the upper one is called the fenestra ovalis, and the 




The Bones of the Ear. 1 The mallene. S The incns. Jovt below the incne is 
the small orbicalar bone. 8 The stapce>. 

139. Describe the ear tube. 

140. The tympannm. The Eostachian tnbe. How is the t]rmpannm sepa- 
rated from the ear tubef How are the tympannm and labyrinth connected f 
Uow does the membrana tympani connect with the feueti>tra ovalis J 
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lowrar one is the fenestra rotunda. These windows are 
closed by an extension over them of the common lining 
membrane of the ear. AVithin the tympanum are four 
small bones (seen separately in Fig. 81), the relative posi- 
tkms of which are seen in Fig. 82. The first (tlie malleus) 

Fig. 82. 




An ideal repre^eutation of the principal parts of the Ear. A The ear tnbe, P«pa« 
rated by a membrane from B, the tympanum, abed The small bones of the 
tympannm. a Rests against the membrana tympani, and its position may be 
slightly changed by the mnscltf /. d Rests against the membrane § of the fenes- 
tra ovalix. 3 Is the fenestra rotnnda. C Maybe taken to represent generally 
t!>e labyrinth, and D, the membranoas labyrinth, both filled with the liquor of 
Cotunnius. 



6 
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is placed againsfc the inner sdriace of the membrana tym- 
panic and the other two (the incus and os orbiculare) cou- 
tinue the connection to the last (the stapes)^ which is 
placed against the membrane of the fenestra ovalis. They 
are so arranged as to fonn a compound lever, and. so. con- 
nected with muscles (of which muscle /, Fig. 82, is the 
most important) that the two extremities of the lever are 
exactly fitted at all times to their respective membranes. 

141. The labyrinth consists of the vestibule, the cochlea, 
and the semicircular canals. The vestibiile (5, E'ig. 80) 
is a cavity about equal in size to a grain of wheat^ and 
situated immediately beyond the fenestra ovali^. The' an- 
terior part of the labyrinth is the cochlea (6). It i^ of 
a pyramidal form, and resembles a snail shell. Its spiral 
hollow makes two and a half revolutions, and is separafted 
throughout its whole extent, except at its apex, by a lamina 
of bone. One division of the spiral terminates at the 
fenestra rotunda, and the other opens into the vestibule. 
The posterior part of the labyrinth consists of the semi- 
circular canals (7), which are three bent tubes, the planes 
of which are situated at right angles to each other, and 
which open into the vestibule. These parts, lined with a 
delicate membrane, constitute, the osseous labyrinth. 
Besides this, there is a membranous labyrinth, of the 
same form as the osseous (with the exception of the coch- 
lea), and lying within it The parts of the labyrinth 
highly magnified, are seen in Fig. 83. The general rela- 
tions of the several parts of the ear (but not the form) 
will be gathered most readily from Fig. 82. 

142. The auditory nerve (8, Fig. 80), which is a por- 



141. Of \fhat does the labyrinth consipt? Describe the vestibale. The 
cochlea. The eemicircalar canalo. The membranous labyrinth. 

142. Give the distribation of tho auditory nerve. What U the object of the 
Uning membrane of the labyrinth ? 
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The labyrinth cHstinct from the bone in which itispltnated. and Wg 
1 The cochlea. 3, 3 The spiral tnbes of the cochlea. 2. 2 The lamina of bona 
by which they are separated. 7 The veetibnle. 8 The fenestra rotunda. 9 The 
fenestra ovalis. 11, 12, 13 The semicircular canals. 

tion of the seventh cranial pair, is distributed over the 
interior of the membranons kbyrinth, and over both sur- 
faces of the lamina by which the cochlea is divided. The 
cavities of both labyrinths are filled with a limpid, trans- 
parent liquid, secreted from the surface of the lining mem- 
brane, and called the liquor of Ootunnius. Thus both 
sides of the substance over which the nerve is spread are 
bathed in this liquid. 

143. The vibrations of the air enter the ear tube, and 
reach the membrana tympani. The motions which it re- 
ceives are transmitted, by the system of bones within the 
tympanum, to the membrane of the fenestra ovalis. The 

143. Describe the course of the vibrations of the air till they reach the norve. 
If the membrana tympani were deptroyed, how would the vibrations reach tha 
serve ? How is the sensation of hearing produced ? 
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same motions are also transmitted by the air within the 
tympanum to the membrane of the fenestra rotunda. Thus 
the two membranes which connect with the labyrinth are 
acted upon by the yibrations of the air, and communicate 
those vibrations to the liquid of the labyrinth; in which 
the nerves of hearing terminate. 

Thus far we can trace the physical causes upon which 
hearing depends. We know that these nerves must be 
compressed by each vibration, that they extend to the 
brain, and that the immediate consequence is hearing. 
But why this compression of the nerve should be followed 
by sensation, and this sensation be hearing, is entirely 
unknown, 

114. These vibrations of the air are produced by the 
vibrations of some solid substance. Thus, if the string of 
a musical instrument be drawn aside from a right line, 
and left to its own tension, it will not only return to a 
right line, but the velocity acquired will carry it nearly as 
far to the opposite side as it had at first been drawn from 
its natural position. This oscillation will continue for some 
time, and will communicate a vibratory motion to the air. 
The same vibrations may be communicated in various 
ways, as by a bell, the prongs of a tuning-fork, the springs 
of an accordeon, or the vocal cords of the larynx, etc. It 
is these atmospheric vibrations** which are transmitted to 



*• Whatever will facilitate the transmission of these vibrations, will assist 
the hearing. Thus, a speaking-trumpet enables the speaker to give greater 
force to the vibrations in a particular direction. In a large room where 
many persons are talking, or when machinery is in operation, the voice is 
scarcely audible, the vibrations are so much interfered with. But by 
speaking through a continuous tube the voice may be sent to vaiioos 
parts of a building, and be heard distinctly. 

1 44. How are the vibrations of the air produced 7 How is it proved that the 
air is the medium of trauBmission ? 
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the auditory nerve, and conrey the sensation of sonnd ; 
for if the vibrations of any sonorous body, as of a bell, be 
produced in a bell-glass, from which the air has been ex- 
hausted^ no sound will be perceived. 

145. It is, however, not essential that the medium of 
communicating them should be the air. Solid substances 
are good conductors. The tick of a watch held in the 
mouth will be scarcely heard till it is allowed to touch 
the teeth, when the sound will become distinct The 
earth, ice, and even water, are good conductors of sound." 

146. Many attempts have been made to ascertain what 
special purpose is accomplished by each part of the laby- 
rinth. There seems to be some reason for regarding the 
cochlea as the mechanism by which we recognize musical 
sounds. The functions of the other parts have not been 
definitely ascertained." 



•• It is said that the discharges of cannon at the hattle of Bunker's Hill 
were heard at the distance of a hundred miles bj placing the ear to the 
ground. The Indians of the prairies are in the habit of applying their ear 
to the ground to ascertain whether droves of wild horses are approaching. 
The conducting power of solids can be well shown by applying the ear to 
one end of a long stick of timber, and letting the other end be slightly 
scratched with a pin ; a rery feeble sound will be transmitted a hundred 
feet, and seem to be scarcely diminished. A person will be convinced of 
the conduction of sonnd by water if he will put his head under water, and 
strike two stones together ; the sound is much greater than in the open 
air. 

•* The intensity of sound it is thought that we judge of by the tympa- 
num, the musical note by the cochlea, and the quality of sound by the 
semicircular canals — ^meaning by quality that peculiarity by which we dis- 
tinguish persons hy their voices or two musical instruments from each other, 
though the loudness and the musical note be the same. 



145. What other subetances besides the atmoeiphere will act as condactors of 
vibrationB ? 

146. What are the (tanctions of the several parts of the labyrinth ? 
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147. In order that this sense be perfect, the whole ap- 
paratus^ in a perfect state is required ; and yet the external 
ear may be lost and hearing still remain ; the membrana 
tympani may be broken, and the vibrations may still reach 
the nerve through the air which is in contact with the 
membrane of the fenestra rotunda ; and- even when all 
these means are taken away the nerve may be, to some 
extent, affected by vibrations communicated to it through 
the bones of the head. But when the nerve itself is in- 
jured, hearing is impossible. Hearing is quite destroyed 
also by the absence of the liquid in the labyrinth. 

148. There are, however, several ways by which hearing 
may be more or less interfered with. The membranes 
may become rigid or thickened, and can be restored only 
by a generally improved condition of the system. The 
secretion in the ear tube may be excessive .and fill the tube, 
or it may harden on the membrana tympanL This can 
generally be relieved by softening the secretion with a few 
drops of sweet-oil in the ear, and after an hour or two 
syringing the ear with soap and warm water. If this treat- 
ment does not in a short time give relief, it is because the 
deafness depends upon other causes, and no external ap- 
plication can avail. Deafness may arise from a closure 
of t£e Eustachian tube ; as the lining of this tube is the 
same membrane that lines the nasal cavities, a cold, that 
is, an inflammation of this n^embrane, is very likely to in- 
crease its thickness so as to fill the tube. In such cases the 
deafness will generally subside with the inflammation. 
When the tube becomes closed by the permanent enlarge- 
ment of the tonsils, it is necessary for the deafness as well 
as for the general health that they should be removed. 

147. How mnch of this apparatus is essential to hearing ? Wtiat parts may 
be lost without destroying the »ense ? 

14S. What are among the ordinary caoses of deafoess ? How ie each to be 
treated ? • * 



Digitized by 



Google 



THE SENSE OF SMELLING. 



127 



The ear becomes exceedingly painful in consequence of 
such a degree of inflammation in the ear tube as to bring 
on ulceration. The inflammation should always be checked, 
if possible, in an earlier stage by cold applications, or, if 
necessary, by local bleeding, such as cupping or leeches. 



Section IIL — The Sense of Smelling. 

149. This sense has its seat in the surface of the outer 
part of the air passages to the lungs ; and it seems to de- 
pend for its acuteness upon the amount of surface over 
which the nerve is spread. In order to increase this sur- 
face, in the first place, there are three thin -sheets of bone 
(the turbinated bones) which lie partly rolled up within 
each nasal cavity (1, 2, 3, Fig. 84). In the second place. 

Fig. 84. 




A yertical section of the bones of the face a little forward of the ears. 1, 1 Lower 
ppon<?y hone«>. S, % The middle spongy boue«. 3, 3 Saperior cpongy bonep. 
4 Antram maxillare. 

there are several cavities in the bones of the head and 
face, not otherwise employed, which are made to commu- 

SeetfoH IMI,—1 49. Upon what doea the acuteness of this sense depend ? 
How are nasal surfaces increased ? 
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nicate with the nasal passages and form part of the nasal 
surfaces. Two of these are the antra jnaxillaria and the 
frontal smuses. 

150. Oyer all these surfaces is spread tha Schneide- 
rian membrane, the object of which is to deposit n 
mucous secretion, by which, in a healthy state, they are 
continually moistened. 

151. The olfactory nerve enters the nasal cavities 
through the sieve-like apertures in the ethmoid bone, and 
branches are distributed by division and subdivision over 
every part of this membrane. 

152. It has been doubted whether odors consist of mate- 
rial particles emanating from odoriferous bodies ; whether, 
for instance, material particles escape from the rose to dif- 
fuse its odor ; for, in the first place, the continual escape 
of odors does not seem to diminish its substance, and, iu 
the second place, analyses do not detect the chemical par- 
ticles of which its odors consist. In many other cases, 
however, they are known to be mate^al, and it is presumed 
they always are. But, whatever be their nature, these 
odors, diffused through the atmosphere, are drawn into the 
nose, and coming in contact with filaments of the olfac- 
tory nerve, the impression of them is conveyed by the 
nerve to the brain, and the sensation of smelling is the 
result. 

153. It has been noticed that the nasal surfaces consti- 
tute the sides of the usual air passages to the lungs, so 
that the same muscular effort which is expended in res- 
piration causes a current of external air, with whatever 

150. How are th^se finrfaceB covered ? 

151. What \» the diettribntion of the olfactory nerve ? 

152. Depcrlbe the proceps by which smelling is produced. 

153. What are the advaiita«?eB of making the air passages and the naoal cavl- 
ties the same ? How is the air made to come in close contact with the n&tial 
ani&ceB ! How do we volantarlly increase the effect of odors ? 
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odors it may contain, to pass over these surfaces and come 
in contact with these nerves. It is also to be observed 
that the turbinated bones, while they increase the surface 
over which the olfectory nerves are spread, partially fill up 
the spaces, so as to require the air in passing to come more 
in contact with the surfaces thus increased. And when- 
ever we wish to stimulate this sense to the utmost, we 
voluntarily compress as much as possible the air passages, 
and cause the current of ftir to strike upon them with 
considerable force. 

1S4. This sense may be useful, to some extent, in assist- 
ing us to disieriminate between useful and hurtful food. 
Possibly it is useful in removing from the air some ele- 
ments which, if taken into the lungs, might be hurtful. 
It is unquestionably seryiceable as a warning against 
noxiou9 vapors. And yet it seems to be the sense least 
essential to our existence, and having, more than any other 
sense, for its special object simply to increase the enjoy- 
mentB of life. 

1£5. The Schneiderian membrane is so situated as to 
be, perh^)8, the most exposed of any part of the system 
to variations of temperature ; and these changes often pro- 
duce the inflammation and secretion which we speak of as 
a cold in the head. But this membrane is also always 
liable to indirect disease, by taking on the extra labor of 
the system when the excretions have been checked in otbe^* 
parts. Hence, a cold is likely to show itself in the nasal 
cavities first, and the excessive secretion indicates not so 
much a disease of that membrane as of suppressed action 
elsewhere, generally of the external surface. 

1S4» HowtetbisMnBeneeftal? 

155. What is a direct caase of disease in this membrane f What 1» indlructly 
the cause of diseased action f 

6« 
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Section IV. — The Sense of Tasting. 

15%. This sense has its seat in the tongue, and, to some 
extent, in all parts of the mogth. The tongue is covered 
with fine filaments called papillm^ which give it a velvety 
appearance. On the edges of the tongue there are also 
other papillae, of larger size, conical form, and brighter 
color. These papillae, of both kinds, but particularly the 
larger ones, contain the terminations of the lingual branch 
of the fifth pair of cranial nerves. 

157. Substances which are capable of solution and of 
being tasted are called sapid substances. When the saliva 
containing such substances in solution flows around these 
papillae, the impression which they make upon the nerve 
within is communicated to the brain, and the sensation 
of tasting is produced. - 

158. When substances which produce an agreeable taste 
are placed in the mouth, there is an increased secretion 
of the saliva" to facilitate the solution of it and promote 
the gratification of this sense. The taste is also rendered 
more acute by pressing the tongue against the roof of the 
mouth, and thus bringing the particles which produce the 



*' To promote rtiis increased action of the salivary glands, it is not ne- 
cessary that the substance should be placed in the month. The sight, or 
sometimes the thought, of any substance particularly gratifying to the 
taRte, will have this effect, make the mouth water. The effect is a physical 
one, but the cause is a sympathy between the state of the mind and the 
action of the gland, of which we can only record the fact without giving* 
any explanation. 



• Section MW.—l^^. Where is the sense of tasting sitaated? Describe the 
BQfface of the tongue, and the distribation of the nerve of taste. 

1 57. How iB the sensation produced ? 

158. In what two ways is this sense rendered more acute ? 
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impression in closer contact with the nerves upon which 
the impression is produced. 

159. Attempts have been made to classify the varieties 
of taste, though with but little success. They are, how- 
ever, more distinct than the varieties in the sense of smell ; 
for they have, to some extent, received distinct names, such 
as sweet, acid, bitter, metallic, etc. 

160. The taste is a sense of importance to us in enabling 
us to discriminate between wholesome and hurtful food. 
It is a general rule that those substances which are agree- 
able to the taste the stomach will easily digest, and those 
v^hich are not agreeable, if swallowed, the stomach will 
not act upon and is disposed to reject. A person with a 
disordered state of the system, or when recovering from a 
long illness, may desire the most hurtful kinds of food ; 
the taste may also be perverted by the use of tobacco, al- 
coholic drinks, or food seasoned to excess ; but these are 
exceptions which do not invalidate the rule nor diminish 
its practical value. 

161. The taste, though capable of being abused in this 
capacity quite as much as any other faculty, is yet one of 
the prominent sources of innocent physical enjoyment; 
and it ii^ intended to be so, not simply for the enjoyment 
which it aflFords, but also as the natural motive to us to 
take food. The act of eating is not made compulsory upon 
us and removed from the control of the will lest we should 
forget it, as that of breathing is, but it is specially stimu- 
lated by the gratification of the sense of taste, which is 
necessarily connected with it. As we naturally seek to 

159. How are the yarietles of taste indicated ? 

1 60. What ie> the principal n^e of the sense of taste ? Wliat is the gener^ 
mle hy which the taste should govern us in the selection of food ? Wliat are ex- 
ceptions to this role ? 

161. How is this sense mad^ sabservient to the co^tiniiance of life ? How to 
the preservation of health 
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prolong this gratification, it encourages us to take our 
food not too rapidly, to masticate it sufficiently, and %o 
mingle it thoroughly with the saliva^ all of which are es- 
sential to continuance of health. 



SecHon V. — The Sense of FeeHnff. 

162. This sense has its seat in the skin and es;ists on 
the whole surface of the body, but is more acute in the 
hands and at the ends of the fingers. 

163. The skin is composed of two principd layers 
The outermost is the cuticle (1, 1, Fig, 85). It is this 

Pig. 85. 










1» 1 The cntlcle. 2, 2 The colored layer, i» * The uetwork of mrvw OH tho 
surface of 5, 5. the tni« pkin. FilamentB of nerves ^o from this network imo 
the papillae, 8, 8, 8. 6. 6, 6 Nerven whicb divide lo ibrm the network. 

Seeitan F*.— 1 62. Where is this sente situated ? 

163. Of how many layers is the pkin composed ? Describe the cntlcle. Th« 
layer iii which the coloring .matter ia found. Upon what does its qnantity de- 
pend T 
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Fig. 86. 



layer which is raised by scalds or blisters. It is destitute 
of nerves or blood-yessels^ and is regarded as merely a se- 
cretion from the true skin and hardened by exposure. At 
the. under surface of the cuticle is a thin layer (2y 2), 
consisting, not of a network, as was formerly supposed, 
and from which supposition it was called the rete muco- 
sum, but of unorganized gelatinous matter. It is secreted, 
as the cuticle is, from the true skin, but has not become 
hardened. It is, in fact, cuticle in a state of formation. 
It contains the coloring matter which 
is so abundant in the African** and 
some other races, and which is never 
wholly wanting in the healthy Euro- 
pean. Its color, always more or less 
dark, varies with the race, the tempera- 
ment, and the habits of the individual. 
161. The hair and nails are of the 
same nature as the cuticle, being se- 
cretions simply, and containing no 
nerves or blood-vessels, and possessing 
no vitality. The hair is formed in a 
sac or follicle (Fig. 86) situated in the 
substance of the true skin, and passing 
through the cuticle by a narrow open- 
ing. In the bottom of this sac cells 
are continually forming; one portion 
of which, as they advance, become an 
imbricated covering of the hmr. The 
other portion of the cells go to form 
the central portion, and among these 
are found colored oily particles which give color to the 

»» In the Albino there are the features and all the peculiarities of the 
Afijcan, except a total absence of color. 

1 64 . Describe the growth of the bahr. 




a The baf»e of the follicle 
where the ct^lnare pap- 

filied which form both 
he coveriiiir and the 
interior portion of the 
hair. * CpIIp to form 
the exterior part of the 
hair, c The Mine celle 
taking the form and ar- 
ranj?ement of imbri- 
cated ecale.«. d The 
interior portion of the 
hair, the cells becoming 
elongated and giving 
the fibron? Btmctare to 
the hair aB it ap- 
proaches «. and pro- 
trudei* beyond the akia. 
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hair. The growth of the hair depends on the accumula- 
tion of new cells at the base, which thrust forward the 
shaft of hair already formed. 

165. The nails are developed in a very similar way. 
Each nail may be regarded as a hair increased in size and 
flattened, or as a succession of hairs placed side by side, 
and the several sacs in which they are formed coalescing 
into one of sufficient width to receive the root of the nail. 

166. The true skin (5, 5, Fig. 85) is a dense, elastic 
membrane, situated in contact with the muscular parts of 
the body, and defends them from injury. It is covered 
with a plexus of nerves (4, 4), and the terminations seem 
to be coiled up so as to form little mounds (8, 8), which 
are called papillae. On the ends of the fingers they are most 
ahundant, and disposed in rows. They contain the nervous 
filaments from the posterior roots of the spinal nerves. 

167. Almost all of the physical properties and states of 
bodies, such as form, hardness, locomotion, vibration, tem- 
perature, etc., are capable of acting upon the nerves of 
this sense. The nerves convey these several impressions 
to the brain, where the sensation is produced. 

168. This sense, when specially trained (as it often is 
by those whose business it is to judge of the fineness of 
fabrics), becomes very acute. In. blind persons it almost 
answers the purpose of sight. By this sense they read 
rapidly with raised letters, and sometimes without the let- 
ters* being raised. But it is of the highest importance to 
us without this special training. It is most favorably 
situated, at the extremities of the fingers, for extensive 
use. Scarcely any common employment, such as the use 

165. How are the nails developed f 

1 Q6. Describe the trne skin. 

1 fJT. How is the sense of feeling produced ? 
- 168. Under what circnmstances does this sense become specially traiQedf 
What is its ase in an ordinary state f 
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of the needle or pen, could be carried on without it ; but 
it is more indispensable in those processes which require 
special skill. 

169. It communicates certain kinds of knowledge which 
we could not receive in any other way. We could not, for 
instance, have the idea of temperature, of the existence of 
heat and cold, without this sense. It is also less likely to 
be deceived than most of the other senses, and hence it is 
employed to verify the evidences of the other senses.** It is 
also made to co-<^rate with other senses : thus, we judge of 
distance by sight ordinarily, but not till we have learned 
by the sense of feeling at what distance certain differences 
take place in the appearance. We judge of form by the 
sight, but we also determine form by the sense of feeling, 
and then connect the ideas of the various forms with the 
impressions which they produce on the organs of sight. 

170. The systems of organs which we have hitherto con- 
sidered are subject to periodical suspension of their func- 
tions, constituting sley). After giving attention to some 
of ihe processes of the repairing system, we shall be better 
prepared to understand the necessity for this suspension of 
activity. But the necessity exists, even if we can assign 

-no reason for it. It is so far subject to the will that, if we 
choose, we can generally defer it several hours, but beyond 
a certain period it is impossible to resist the demand for 
it. The eyes close involuntarily; the voluntary muscles 

*♦ And Thomas said : " Except I shall see in his hands the print of the 
nails, and put my finger into the print of the nails , and thrust my hand into his 
side, I will not believe. Then Jesus saith to him : Reach hither thy hand, 
and thrust it into my side, and be not faithless but believing" 

169. How \»\X essential in the acqaisition of certain kind? of l^nowledger 
With what sense does it chiefly co-operate in maldng ns acquainted with the 

: eternal world ? 

1 70. What Is sleep ? To what extent Is it subject to onr control? 
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refnee obedience to the will ; the extend senses eease to 
act; all intellectual operations are suspended and sleep 
inevitably supervenes. 

171. The amount of sleep needed varies with the tem- 
perament somewhat) with the age, the health, and the de- 
gree ot indulgence which a person will allow himself; but 
the amount absolutely required by an individual who has 
acquired his full strength depends simply upon the amount 
of activity, physical and mental, which is put forth. From 
five to eight hours may profitably be given to sleep. Eight 
hours is probably better than les& It is mistaken economy 
to attempt to reduce the amount of sleep below what the 
system eravog. 

172. It is, however, possible so to train the powers th^ 
some of them may be either not at all suspended, or but 
very partially so. Thus, a person m*y accustom himself 
to sleep while riding on horseback, but there must be the 
continued exercise of sufiieient muscular effort to keep 
the erect position. A physician will accustom himself to 
sound sleep in every other respect, while the" sense of hear- 
ing is so far awake that his own name, though spoken in 
a low voice, will always arouse him. 

173. With most persons, however, sleep is for sevend 
hours complete ; that is, all of the fecujties which are sub- 
ject to it are completely sui^)ended* But the continuaAce 
of this suspension is not the same for all of the faculties. 
Some, which have become suflSciently rested, begin to act 
before the others are aroused. Some persons plan their 
business for the day while the muscular powers and the 
senses are still asleep; the mind being first sufficiently 
rested for renewed activity. Under the same circum- 

171. How much rieep If necet*Miy t 

1 72. Bo th« fkcHlties all sleep f 

1 73. Do they all require the same amount of sleep ? Give examples oC tb0 
activity of certain powvra while the others are asleep. 
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gtances there is no doubt but that diflBcult problems in the 
arts and mathematics have been solved. It may be called 
dreaming, but it is simply an energetic action of the in- 
tellectual powers, rendered more perfect, because none of 
the powers of the system are otherwise employed, and be- 
cause the succession of thoughts is not interfered with by 
impressions coming from without. When the powers of 
voluntary motion are awake and the others are asleep, the 
person may take the most active exercise, or walk, some- 
times for miles, without arousing the other powers. 

-174. Incubus, or nightmare, admits of a similar expla- 
nation. When the mind first awakes, the train of asso- 
ciations may, from various causes, be of a disagreeable 
character. Particular ideas may have been so constantly 
in the mind before sleep came on that they most readily 
return. The imminent danger from which we had escaped 
the previous day may have impressed us so vividly, that 
the thoughts of it first occur to the mind when its powers 
are aroused. A sudden jioise, an uncomfortable position, 
cold feet, or disturbed digestion, may predispose the mind 
to alarming conceptions. Every conception is, by our con- 
stitution, attended with a belief of the existence of the 
object to which the conception corresponds. In case of 
incubiis, the object of conception docs not exist, and yet, 
as the senses, which are the corrective agents, are asleep, 
there is necessarily a belief that it doe^ exist. There is 
no avenue open by which a person's mind can be reached 
to convince him that his conception is erroneous. He 
therefore suffers all that would result from real danger; 
at the same time the power of muscular action is asleep, 
and he can make no efforts to relieve his condition. 

175. Dreaming seems to consist in a certain degree of 

1 74. Uow is incubus explained f 
17$. JPr^miDg? 
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activity of the mind, while some of the other powers are 
also active to such an extent that they are continually in- 
terrupting the succession of thoughts, and yet do not con- 
trol them. Hence arises the want of continuity in our 
dreams and the succession of such incongruous ideas. 
Hence, also, the observation, so often made, that such sleep 
does us but little good; it does not rest us, and simply be- 
cause it is not sleep. 



GENERAL QUESTIONS ON THE NERVOUS SYSTEM. 

What are the parts contained in the nenroas i?yBtem f 

Chapter I. Section I.— What is the snbject of this section ? Describe the 
membranes of the brain and the doplications. What are the divisions of the 
brain f Describe the surface of the cerebrum and the connection of the hemi- 
spheres. Of what substances is the brain composed, and how are they arranged 
In the several divisions ? What are the functions of the brain ? How are they 
to be learned ? Why not fh>m an examination of the organization of the brain ? 
What is the first law in reference to the use of the brain f What are the results 
of a proper exercise of the braiu ? Can the brain be overworked f What are the 
' practical rules in this respect ? Upon what does the healthy action of the brain 
depend ? How should a naturally excessive activity be managed f How do the 
emotions affect the intellectual operations ? 

Section II.— Describe the spinal cord. What are the functions of the white 
substance of the brain ? Of the gray substance f 

Section HI.— What are the nei-ves ? Describe the cranial nerves. Describe 
the spinal nerves. Describe the origin of the spinal nerves. Their distribution. 
How is a general nervous sympathy established ? Describe the great sympa- 
thetic. What are the functions of the nerves ? Describe those of special sen- 
sibility. What are the nerves of general sensibility ? What sensations are 
dependent upon these nerves ? How do they protect the body f Is their sensi- 
tiveness ever injurious f Give examples of the adaptation of these nerves to 
particular purposes. What are the nerves of voluntary motion f What is the re- 
lation between the nerves of motion and those of sensation f What are the 
nerA'CS of involuntary motion, and what are the particular fnnctions of each ? 

Chapter II. Section L—Describe the external parts of the eye. The internal 
parts. The action of the refracting substance upon the rays of light. How is 
vision produced f What is the direction in which a visible object is seen ? Why 
are objects seen erect f Why is but one object seen f How is spherlciU aberra- 
tion prevented ? How does the eye adapt itself to different degrees of light ? 
To different distances f How are long and short-sightedness corrected f How 
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does the eye adapt itself to different distances f What practical rales mast he 
observed in the ase of the eye ? 

Skction n.— Describe the ear. The ear tnhe. The tjrmpanam. The labyrinth. 
How is bearinj^ produced ? By what substances mast the vibrations be con- 
veyed ? Upon what does the perfection of the ear depend ? What parts are 
absolutely essential f To what diseases is it subject, and how are they to be 
treated? 

Sbction ITL^Describe the organ of smelling. How is the sensation produced ? 
What evidences of design are ob«(erved in the position and structure of the nose f 
Wtiat are the fhnctions of the nose f To what diseases is it subject ? 

■Section IV.— Describe the organs of taste. How is the sensation produced f 
What are the uses of this sense ? 

Sbction y.-^Describe the organs of feeling. How is the sensation produced 7 
What are the purposes to which the sense of feeling is subservient ? 

What peculiarity have the mechanical and nervous systems to distinguish them 
lh>m the repairing system ? How much sleep is required ? How are the different 
powers affected by sleep f Explain the phenomena of sleep-walking, dreaming, 
incubus, etc. 
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THE KEPAIEDTG SYSTEM. 

176. The body is subject to constant waste. The vital 
motions, the mechanical forces of the body, the develop- 
ment of heat, and even the processes of thought, are neces- 
sarily connected with wear, and therefore waste. While 
the body is growing the supply must be greater than the 
waste; but when the body has attained its growth, the 
supply is exactly equal to the waste. Our food, that is, all 
that is taken into the system, whether in the solid, liquid, 
or gaseous form, constitutes this supply. 

177. Our food, regarded in its more limited sense, con- 
sists of certain chemical combinations which depend for 
their existence wholly on the processes of vegetable life. 
We cannot produce them by the chemical processes of the 
laboratory. It is only by that secret working of the Di- 
vine power which we call vegetable growth, that they can 
be produced. The only invariable constituents are oxygen, 
hydrogen, and carbon. To these are frequently added 
nitrogen, and sometimes phosphorus, sulphur, and lime. 
The chemist can eflfect various Combinations of these sub- 
stances, but none which constitute food. Vegetable life 

1 T6. Prom what arises the waste of the system ? What is the object of 
food ? How mnch is necessary ? 

1 77. Why is vegetable life necessary to animal life t What are the invariable 
constitnents of food ? What others are frequently contained in it t What divi- 
fion is made of the materials for our nutriment f 
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is, then, a condition of animal life, and therefore of human 
life. 

But our food, though only the product of vegetable 
growth, has often been still further elaborated by animal 
life, so that it properly receives the name of animal food. 
One of the most common divisions of the materials for our 
nutriment is, therefore, into animal and vegetable food. 

178. We have seen that food may consist of oxygen, 
hydrogen, and carbon, without nitrogen. These three, in 
due proportion, constitute the sugars, the fats and oils, and 
all of the farinaceous varieties of food. They have been 
supposed to support the respiration of the system to great 
extent, but never to enter into the formation of the tissues 
of the body. They have, therefore, been called respiror 
tory elements, or non-nitrogenized elements. 

179. But much of our food contains nitrogen in combi- 
nation with the other three elements, and is employed in 
the formation of the flesh, the membranes, and other tis^ 
sues of the body. It constitutes, therefore, the nutritive 
or nitrogenized portion of the food. The elements of nu- 
trition may take the form of fibre, as in the lean meat of 
animals ; of gluten, as in the adhesive portion of wheat 
flour ; of casiene, of which cheese principally consists ; or 
of albumen, as in the white of the egg. This distribution 
of food into elements of respiration and elements of nutri- 
tion is important, in order to understand the vital changes 
in the system. 

180. The processes of receiving food, of whatever form, 
into the system, of elaborating it, and then of eliminating 
it, comprise all of the functions of the repairing system. 

178. What are the conetltuents of the regpiratory elements t What varieties 
of food belong to this claBs ? 

1 79. What are the constituents of nntritive food f What (bar forms may this 
kind of food take? 

1 80. Give an analysis of tlie repairing: system. 
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But a full examination presents to as, 1st, a digestive sys- 
tem, by which food is taken into the body and by which 
the nutritive part is separated from the useless and intro- 
duced into the blood ; 2d, a circulathig system, an arrange- 
ment of tubes and forcing apparatus by which the nourish- 
ing fluid, the blood, is carried through the body and ap- 
propriated to the building up of the several parts ; 3d, a 
respiratory system, an arrangement by which the oxygen 
of the air is incorporated with the blood, carried to all 
parts of the body, and is thus enabled to decompose (burn) 
the structures which the food has built up ; 4th, an ab- 
sorbent system, a kind of scavenger arrangement by which 
such material as has for any purpose been removed from its 
regular channels may be picked up and again made use of; 
and 5th, a secreting system, by which all material, as it be- 
comes refuse, may be removed from the body. There are, 
therefore, five classes of organs belonging to the repairing 
system." 



CHAPTER I.— OF DIGESTION. 

181. The food is not in a condition to be used in the re- 
pairs of the body without undergoing many changes, all 
designed to render the food soluble, so that in the liquid 
state it may be absorbed into the system and mingled with 

** In tfai^ analysis of the repairing system it is the object to name only 
such functions as constitute one complete circle, and thus associate the sev- 
eral classes of these organs naturally together. It is not intended to be a 
full enumeration of these functions : the secretions for lubrication, the ab- 
sorption of chyle, the development of animal heat, and many others 
equally important, belong to this system. 

€bB.pter 1—181. What form mast food take before it can be absorbed into 
the system ? What processes are necessary in completing tbc work of di^cc^tioii ? 
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the blood. Part of this process is mechanical, and is per- 
formed by mastication. Part of it is chemical, and is per- 
formed in the stomach and intestines. Part of it consists 
in separating the nutritions from the useless portions. 
Such is the general object of the digestive system. 

182. The abdomen, which is the cavity containing the 
principal digestive organs, lies between the thorax and 
pelvis, and is lined by a serous membrane called the peri- 
toneum. It secretes a fluid by which the interior of the 
abdomen is moistened and lubricated. It has another im- 
portant office, that of forming the outside coat of the stom* 
ach and most of the other viscera of the abdomen. 



Fiff. 87. 



Section L — The Organs of Mastication and Deglutition. 

183. These organs are the teeth, salivary glands, thd 
tongue, the pharynx, and the esophagus. 

181. The teeth are composed of 
ivory and enamel. The ivory (2, Fig. 
87) is harder than ordinary bone, and 
constitutes the principal part of the 
tooth. The enamel (1) is the densest 
material in the body. It is a thin layer 
on the outside of that part of the tooth 
not imbedded in the alveolar process. 
The purposes to which the teeth are 
subservient require that they should be 
composed of materials too compact to 
allow nerves and blood-vessels to pene- 
trate them ; hence the teeth, unlike the 




Section of a MolnrTooth. 
1 The enamel. 2 The 
body of the tooth, com- 
posed of Ivory. JJ The 
cavity in the centre of 
tbe tooth, in which Is 
seen the terminations 
of a nerve. 4, a vein, 6, 
and an artery, 6. 



1 83. Where are the organs of digestion sitaated ? What is the name and 
office of the lining membrane of the abdomeo f 

ffecHoH /.->] 83. What are the organs of mastication and deglatition f 

184. Describe the teeth. 
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other osseous parts, when injured cannot be repaired by 
any natural process. Hence, also, they are deyeloped in a 
different way from that of any other organs. 

185. The first indication of the formation of a tooth is 
the existence of a small transparent vesicle in the interior 
of the alveolar processL Tliat portion of the vesicle corre- 
sponding with the body of the tooth gradually enlarges till 
it acquires the size the tooth is to have, and is filled with 
a ti*ansparent liquid. The outer surface of this vesicle 
soon deposits a shell of ivory, of the same shape and 
nearly of the same size which the erown of the tooth is to 
have after it emerges from the gums. After the shell ia 
formed, the vesicle remaining within it continues to de- 
posit ivory, and thus becomes itself red act d in size as the 
walls of the tooth become thicker, until only a small hol- 
low (3) is left, which the perfect tooth always contains. 
This hollow is still lined by the vesicle, and receives an 
artery, a vein, and a branch from the fifth pair of cranial 
nerves. 

The tooth is covered with another membrane, which de- 
posits from its inner surface a layer of enamel (1) on the 
body of the tooth. 

The body of the ^oth being now completed, the central 
vesicle begins to be produced into one or more smaller 
prolongations, according to the number of roots which *■'' 
tooth is to have. While the roots are forming, the boi 
of the tooth is thrust forward and cuts through the 
gums. 

The first set of teeth contains but twenty, the double 
molars being wanting. As the alveolar processes of the 
child enlarge, tiiese teeth become loose, the roots are ab- 
sorbed, and they ai-e easily extracted. 

185. How ]s the ivory prodoced ? The caamel f The root? Describe the 
fir>t set of teeth. 
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' 186. The second set consists of thirty-two^ eight in 
each jaw on each side. The first and second in front (1, 
2, Fig« 88) are thin, have sharp, catting edges, and are 

Fig. 88. 




The Second Set of Teeth in both jawp. 1, 2 The incisor teeth. 8 The canine ! 
teeth. 4, 6 The single molar teeth. 6, 7, 8 The double molar teeth. 

called incisor teeth. The third (3) is a strong tooth deeply 
set, is brought to a blunt point, and is called the canine 
tooth. The fourth and fifth (4, 5) have each one root, 
somewhat flattened surfaces, and are called single molar 
teeth. The sixth, seventh, and eighth (6, 7, 8) have three 
roots in the upper jaw and two in the lower, large bodies, 
broad surfaces, and are the double molar teeth. Thus there 
are eight incisors, four canine teeth, eight single molars, 
and twelve double molars. 

187. The teeth are designed to last a lifetime, and 
should, therefore, be carefully attended to. In the first 
place, care should be taken to prevent deformity. If the 
first tteth are not removed at the proper time, this does 
Hot prevent the teeth of the second set from coming, but 

186. The perond pet. 

187. What causes tend to produce irrejfnlarlty in the arrangement of the 
teeth ? How may the irregularity in Iwth cases be prevontrd ? 

7 
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it compels them to make their appearance where they 
ought not to be, either back of the other teeth, so as to be 
in the way of the tongue, or in front of the other teeth, 
so that the lips will scarcely cover them. If, however, the 
tooth of the first set is removed" as soon as the second is 
perceived, tiie second will generally come into its proper 
place. 

It sometimes happens that the teeth are too wide for 
the space which they are to fill, and some of them must 
either be too prominent or they must be set irregularly. 
In such cases, the only way is to have a tooth removed, so 
that those which are left may have suflScient room. 

188. In the second place, no foreign substance should be 
allowed to remain on or between the teeth. They should 
be washed with a brush and water after every meal ; other- 
wise particles of food which remain between the teeth will, 
by decomposition, render the breath offensive, and ulti- 
mately cause the decay of the enamel. 

A solid substance called tartar also frequently collects 
on the teeth, and extends toward the roots so as to loosen 
the gums and make them tender. When this has accu- 
mulated in considerable quantity, the aid of a dentist may 
be necessary to remove it; but its accumulation may 
always be prevented by proper attention to washing the 
teeth. 



*• The removal of teeth is, however, unnecessarily performed in many 
instances. It is the shortest way to overcome deformity, or to prevent 
toothache, or to remedy offensive breath ; but the peculiar character of the 
teeth should make us unwilling to resort to extraction except in extreme 
cases. Perhaps no fault is more common among dentists than to advise 
extraction for insufficient cause. The perfection of his art is to preserve 
the natural teeth — his last resort-is-to supply their place by artificial ones. 

188. Why should the teeth be cleansed after eating? Whatsis the effect of 
tariar apon the teeth ? 
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189. In the third place, great care should be taken to 
preserve the enamel. It is specially designed by its hard- 
ness to protect the ivory of the tx)oth ; but this property 
also increases its brittleness, and renders extremes of tem- 
perature, from taking very hot drinks or very cold, such as 
ice-water or ice, or any excessive pressure upon them, such 
as cracking nuts or cutting threads, likely to injure them 
permanently. When the enamel of a tooth is cracked, so 
that the air or the liquids of the mouth can get to the 
ivory, the tooth soon begins to decay, and is often reduced 
to a mere shell of enamel before we are awai-e of any im- 
perfection. 

But when the teeth do become defective, the decay can, 
if taken in season, be arrested by having the decayed por- 
tion removed and the cavity filled with gold. This is im- 
portant, in order to preserve the features, the voice, the 
health, and the means of masticating food. Its importance 
is indicated by the severe pain which, as a warning, is 
liable to attend Such decay* When, however, a tooth is so 
far gone that it cannot be preserved, it should be extracted 
at once. 

190. The saliva, by which the food as well as the in- 
^terior of the mouth is moistened, is furnished by three 
pairs of glands. The parotid gland (1, Fig. 89) is situated 
below and in front of the ear." The sub-maxillary gland 
(3) is on the inside, and near the angle of the lower max- 
illary bone. The sub-lingual gland (5) lies immediately 
under the tongue. The secretion from these glands is 
conveyed to the mouth by ducts (2, 4). 

*' It is this ^land which is afTected by a peculiar form of inflammation, 
called t ic ** maraps," to which it can be subjected but once. 

1 89. How may the enamel be injared f What is the repult when the enamel 
if injured ? What conrs«e Bhonid be pursued when the teeth bejjin to decay ? 

190. Dcifcribe the g^alivary ^laudn. 
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Fig. 89. 




The SaHrary Glands. 1 The parotid gland. 2 The dnct hy which it» fccr^tiou i«i 
conveyed into the month. 8 The Bab*mazillary gland. 4 Ita duct. The t«ub- 
Ungual gland. 

The secretion from the salivary glands depends in part 
upon the gratification of the taste ; but it is also promoted 
by the motions of the jaw in mastication. Tliis is one rea- 
son why food should be eaten slowly and well masticated. 

191. The tongue is attached at its base to the os 
hyoides, and the motions of this bone, by its proper mus- 
cles, carry the tongue backward or forward and raise or 
depress it. The tongue itself also consists of muscles, so 
that it can be shortened or elongated, and applied to all 
parts of th« mouth. It is the principal organ of taste^ 
and one of the most essential modifiers of sound ; but, p8 
connected with mastication, its ,oflBce is to control the food 
in the mouth till it is swallowed. 

192. The pharynx is the back part of the mouth, 
and is at the same time the upper portion of the tul)e 

191. The ton^e. What are it*i fVinctionB f 

192. Describe the phan'nz. What are the principal openings into the 
pharynx f Of what are the ^idee of the pharynx compoHcd ! 
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which leads from the mouth to the stomach. From the 
upper posterior part, the Eustachian tubes lead to the 
tympanums of the ears ; in the upper front side are the 
two openings Itading to the nostrils, and at the base of the 
tongue on the front side is the oj^ning into the laiynx 
and trachea. The pharynx is surrounded by muscles so 
arranged that by their contraction it can be reduced in 
length, and its sides can be brought nearly together.** 

193. The esophagus (Fig. 90) is a continuation of the 
pharynx to the stomach. It is a fleshy tube composed of 




The Seophagiui. a b Circalar mnBcnlar fibres, e A layer of longitudinal 
moscnlar llbret» ouUide of the circular. 

two sets of muscular fibres, of which the inner ones (a, b) 
are circular, and serve to diminish its diameter, while the 
outer ones are longitudinal (c), and by contraction tend to 
fihorten the tube. 



** The mucons incmbrane, with which this and all other parts of the 
alimentary canal arc lined, is very liable to inflammation, producing 
"colds." 

Just at the entrance of the pharynx there are two glandular bodies, the 
tonsils, which ppohably serve some important purpose in the system, but 
their use is not satisfactorily known. They are very liable to inflammation 
and permanent enlar^jement ; in this state they obstruct the breathing, es- 
pecially in sleep. They often almost or quite stop the breath, and they 
are liable to keep up an inflammation in the adjacent parts, which not 
unfreqnently reaches the lunges. If, therefore, the enlargement cannot be 
reduced by medical treatment, it should be by surgical ; they should be 
removed. 



193. Describe the entophagus. 
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194. The object of these organs is to prepare the food 
for digestion and to convey it into the stomach. The 
lower jaw is provided with two pairs of strong muscles, 
to bring the upper and lower teeth firmly together, and 
with two other pairs of muscles, to give them a lateral 
motion and cause their rough surfaces to move over each 
other ; and by this means the food, which is kept between 
the teeth, on the inside by the tongue and on the outside 
by the lips and cheeks, is reduced sufficiently to be received 
into the stomach — ^at the same time the saliva has been 
secreted and mingled with the food. In this state the 
portion of masticated food is taken up by the tongue and 
placed in the pharynx. The tongue is thus so bent back- 
ward that the epiglottis, which is a Ciirtilaginons valve at- 
tached to the root of the tongue, is laid over the opening 
into the larynx,** and the tongue itself, at the same titae, 
closes the opening between the mouth and pharynx. By 
the same position of tlie tongue the membranous partition 
between the mouth and pbaiynx, called the velum palaii^ 
is raised up so as to close the orifices into the nostrils. 
The contraction of the pharynx itself closes the Eustachian 
tubes. At the instant when the food is placed in the 

*• The epij^lottis is brought into the ri^ht direction to cover the opening 
into the windpipe, but the opening is not closed till the pharynx begins to 
contract. By this action the larynx is raised up and the orifice brought 
directly under the epiglottis. It is, therefore, closed as soon as pressure 
begins to be exerted upon the food in the pharynx, which would tend to 
press any of it into the windpipe. 

1 94. What is the object of the^e orjjane ? How is the food snfflclently rednced 
to be received into tlie ptomach ? What are the mnsclet* by wliich the vertical 
motion* of the jaw are produced (see Appendix) ? Describe them. Deecribe the 
maeicle!!^ by which the grinding motions are prodnced. What other preparation 
of the food i« necesi<ary besides mastication ? What is the agency of the toninie 
in swallowing ? How are all the openings into the pharynx, except the esopha^ 
gns. closed ? How is the food made to pass iuto the esophagus, aud how into 
the stomach? 
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pharynx and these principal orifices are closed, there is a 
strong involuntary contraction** of the muscles composing 
the sides of the pharynx, and the masticated food is pressed 
into the esophagus, which, by the successive contraction 
of its circular fibres, forces it downward into the stomach. 
195. The food thus introduced into the stomach has 
been finely comminuted and mingled with saliva. The 
saliva is a slightly alkaline fluid, and contains a peculiar 
substance which has the property of converting the starch 
of food into sugar, thus commencing the process of diges- 
tion. This sugar readily passes into lactic acid, and may 
thus, in some cases, co-operate with the ordinary acid in 
the stomach in the work of digestion there. The amount 
of saliva sedreted, about three and a half pounds a day, 
would indicate that it has an important office, but the 
changes above stated are all that are known to occur. 



Section IL — Tlie Stomach. 

196. The alimentary canal, when it has passed 
downward through the diaphragm, becomes at once en- 
larged into a bag called the stomach (Fig. 91) of variable 

•• We see an obvious reason why the action of the pharynx shonid be 
involontary and almost spasmodic. If it were otherwise there might be 
suspension of respiration ; for, durinjr the act of deglutition, all commii- 
nicarion of the pharynx with the external/ air is cut off, and the epiglottis 
Mes over the opening which leads to the lungs. Nature does not leave to 
our option any of the processes so essential to life. 

105. How much galiva i& secreted per day? What action has it upon the 
food? 

Seeti&n IT.— 196. Describe the form and position of the stomach. The coata 
Of the stomach. 
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Fig. 91. 




The Stomach, a The ef>ophaga«. b The Bmaller cnrvatare. e The cardiac ex- 
tremity, d The pyloric extremity. /The larger curvature. ^^Theomciiium. 

dimensions, but capable of containing, when moderately 
distended, from two to three pints. Its larger extremity is 
in direct contact. with the diaphragm ; and, as it lies ob- 
liquely across the spine from left to right, its smaller ex- 
tremity is considerably lower. The opening of the esopha- 
gus into the stomach is called the cardiac orifice, and thajb 
at the other extremity is the pyloric orifice. 

The stomach is composed of three coats. The exterior 
is of condensed cellular substance, and is in fact the peri- 
toneum attached to its muscular layers. This outer coat, 
being continuous with the lining membrane of the abdo^ 
men, must retain the stomach in its place. The middle 
oojit is muscular, and the fibres, though crossing each other 
in all directions, may, most of them, be classed as either 
longitudinal (L M, Fig. 92) or as circular (0 M). The 
interior is a mucous layer, the inner surface of which is 
covered with papillae, which gives it a velvety appearance; 
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Kg. 92. 




HaBcnlar coat of the Stomach. 

and ife is furnished with a large supply of nerves and bloods 



197. When food is taken into the stomach, the circula- 
tion in the mucous coat is increased, the color changes 
from a pale, or slightly pink, to a bright red, and a fluid, 
called the gastric juice, which is slightly viscid, transpar 
rent, and feebly acid, is abundantly secreted. 

198. At the same time the muscular fibres of the stom- 
ach are successively contracted and relaxed, and the gastric 
juice is thus thoroughly mingled with the food, and con- 
verts it into a homogeneous, pulpy mass, called chyme. 

This process of changing the food to chyme is not a 
vital bnt a chemical one. If gastric juice be taken from 
the stomach and mingled with food in a state of minute 
division, and the ordinary temperature of the body be sus- 
tained, the formation of chyme will take place precisely as 
it does in the stomach. " 



•* Many of the statements made in reference to the gastric jnice and the 

197. What iB the effect upon the stomach of food received into it ? What ar^e 
the properties of the gat^tric juice ? 

198. What change in the fdod takes place in the stomach f How U it Bhowb 
that the Ibrmatiua of chyme is not a vital process 7 

7* 
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199L The food, as ordiaarily taken, consists Ox the ele^ 
ments of nutrition and of respiration in varying propor- 
tions, and both of these in combination with numberless 
forms of woody tissue. Thus, if the potato be grated to 
a pulp, the water with which it is washed will deposit a 
white granular substance. The clear water obtained after 
this deposition will, when the temperature is raised nearly 
to the boiling point, be filled with flaky shreds. The re« 
jected pulp is woody tissue, the granular deposit is starch, 
the flaky portion is albumen. The pulp is not food, the 
starch is respiratory food, the albumen is nutritive food. 



action of the stomach, were not refcarded as fiiUy proved, but only prob- 
able, until a circumstance occurred in Michigan, in the year 1822, which 
rendered it possible to subject them to the test of direct observation. 

Alexis St. Martin, a healthy youngr man in the IT. S. service, was 
wounded in the side by the accidental dischai^ of a fr\m, Tlie walls of 
the thorax and abdomen were lacerated, so that a portion of one lung was 
pressed out through the wound, and an opening was also made into the 
stomach. The patient was put under the care of Dr. Beaumont, a surgeon 
in the army. The wound in the thorax healed over. The edges of the 
wound in the abdomen and of tha in the stomach adhered together and 
healed, leaving an opening into tlie stomach of two and a half inches in 
diameter. At length a membrane was formed which shut down over it, 
like a valve, but did not adhere at the edges. This valve could at any 
time be pressed away, and the interior of the stomach and all its operations 
be exposed to view. 

Dr. Beaumont employed this young man after his recovery, and per- 
formed a series of elaborate experiments on the circumstances which would 
produce a secretion of the gastric juice, the state of the interior surface of 
the stomach at the time, the effect of alcohol, tobacco, and spices on the 
secretion of this fluid, also the effect of exercise, occupation of mind, ex- 
cited passion, etc. He appli d the stimulus of insoluble substances, put 
into the stomach to excite the secretion, and then removed it from the 
stomach to observe its action when applied to food in different conditions 
as to fineness, temperature, etc. He also instituted a full series of experi- 
ments upon the time required for the digestion of different kinds of food. 

190. or what elements doqs food ordioarily consist ? Give iastanceB of thi^ 
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It may be shown that roost substances that we eat have a 
similarly complex composition. The object of stomach 
digestion is to separate that which is food from that which 
is not, and then to render soluble and actually dissolve the 
nutritive elements. To do this is the function of the gas- 
tric juice. The daily amount of this secretion may be put', 
down at fourteen pounds. The active principle of the 
gastric juice is a peculiar substance called pepsine, a 
nitrogen compound, not unlike the nutritive food. It 
seems to be part of the mucous coat of the stomach in 
the process of decomposition^ When slightly acidulated, 
iis it is in the stomach, it tends to communicate the same 
change to similarly constituted bodies with which it comes 
in contact. Instances of this kind are of frequent occur- 
rence. Vegetable substances, apples for example, begin- 
ning to decay, will communicate to others that are sound 
the same change ; tliat is, they will bring on decay. The 
action of yeast is to put in operation in the gluten of flour 
the same chemical changes which the yeast itself is un- 
dergoing. In the same way the pepsine of the gastric 
juice,'* being a nitrogen compound in a state of change, 
will decompose the nitrogenized parts of the food in the 



•' It would seem that some vital process not yet explained is necessary 
to give to the gastrJ* juice its solvent power. The composition of it has 
been carefully ascertained, and efforts have been made to produce it ar- 
tificially, but without success. If, however, a compound be fonned resem- 
bling it in composition, and a small quantity of gastric juice be added (or 
a small piece of the stomach of a calf or ox), the whole will become capa- 
ble of reducing alimentary substances to chyme. 

complex character. What le the object of Btomach dipreBtion ? By what ageut 
I:? this object eflfected ? What is the daily amount of gastric juice eecreled ? 
What i8 the active principle in it ? In what condition iei it ? Give other in^ 
ftances in which bodies in a ptate of decomposition communicate to other bodies 
the i»ame action. How do the nutritive portions of the food pass out of the 
stomach f Do they at once become a part of the blood 7 Uow do the respiratory 
poriions pass from the stomach ^ 
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stomach so far as to separate them from the non-nitrogen- 
ized parts and from the woody tissue, and convert them 
not only into a soluble state, but also into that particular 
state of solution in which they are capable of passing freely 
through membrane. In this state they are absorbed by the 
interior surface of the stomach, and introduced into the 
blood. Thus one of the objects of digestion is accom- 
plished ; that is, the nutritive elements of the food have 
been furnished to the circulation. But the respiratory ele- 
ments pass on unchanged through the pyloric orifice into 
•the duodenum. 

♦ 2W. The digestive system requires more care than any 
other, partly because of its general importance, but espe- 
cially because our enjoyments depend so much upon it 
that we are in danger continually of overtasking it. The 
practical rules by which we should be governed in refer- 
ence to it are, however, very simple, and the reasons for 
them easily comprehended. They relate to the materials 
of food, the amount required, the frequency with which it 
should be taken, and the conditions of the system favor- 
able for its elaboration. 

201. The kinds of food. The system requires consid- 
erable diversity of food. The most suitable food soon loses 
its relish if we are confined to it There must be diversity 
at each meal, and successive meals must not be a repetition 
of the same diversity. Even slight changes in the mode 
of cooking or flavoring will do much toward rendering 
food palatable, and therefore nutritious. 

202. We may not be able to assign reasons for the need 

200. Why does the dipesUve ByBtem require Bpecial care? To M'hat four cir- 
c imr'tances do the rules refer by which the diet is to be regulated f 

201 . What is the first rale in regard to kinds of food ? 

202. Why do we reed both nutritive and respiratory food ? Are they hoth 
^mtaincd.m every variety of food ? How is the deficiency supplied ' lu what 
^■ruportious ar« the ettvcral kir-ds rcqulnsd ? ^ 



Digitized by 



Google 



THE STOMACH. 1S7 

of this general diversity, but there is obvious reason for 
the use of the nutritive and the respiratory kinds of food. 
Each has its special function, as will be shown in the 
chapter on respiration. Hence every variety of diet is made 
to contain both kinds. Nearly all of the articles of food 
contain both kinds, but if they do not, we instinctively 
supply the wanting kind. Thus, certain meats that are 
wanting in fat, are always eaten with gravy or other sub- 
stance rich in fat. Many kinds of fish are fried in butter 
for the same reason. The butter that we eat with bread 
^nd other vegetable foods, the pork cooked with beans, the 
oil and yolk of egg employed as dressing for salad, etc.^ 
are not accidental combinations of food, but such as expe- 
rience has taught us to be essential in furnishing the re- 
quisite materials for the wants of the system. It is be- 
lieved that when our food contains twc-tentlis of nutritive 
materiaj, one-tenth of fat, and seven-tenths of sugar and 
starch, it will best meet the ordinary demand ; but these 
proportions must vary with occupation, temperature, and 
the pecnliarities of individuals. 

203. The additional inquiry may still be made, from 
what sources are we to obtain these nutritive and respira- 
tory elements of food ? We have seen that vegetable pro- 
cesses only can form those combinations of chemical ele- 
ments which constitute food. But these combinations we 
may obtain in the form in which the vegetable leaves them, 
or as they have been transformed into animal food, into 
the substance of the oyster, the salmon, or the ox. The 
kind of food designed by the Creator for any kind of ani- 
mal is best determined by examination of the peculiarities 

203. How are the ktnde of food which are sniuble for us indicated ? What 
peculiarity of orgianization is referred to ? What are \X» indications in regard to 
the food of man i What other parts of our stmcture indicate a mixed diet f Un- 
^r what clrctimat^nces would a vegetable diet bo appropriate? What class of 
persons require animal food ? .... 
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of or^nization with which the animal has been furnished. 
One of these peculiarities of organization is the teeth, as 
indicating the kind of food required. The appropriate 
food of animals with canine teeth is flesh, while the ab- 
sence of them indicates that flesh would be inappropriate. 
Thus, the dog has only canine teeth and the horse only 
incisors and molars. In man the three kinds are found, 
and it may be fairly inferred that both animal and vege- 
table food are appropriate. The apparatus of digestion, 
both in length and structure, is intermediate between the 
digestive apparatus of carnivorous and herbivorous ani- 
mals, and indicates, therefore, a mixed diet.. 

It is probable that persons who put forth but little 
effort, either bodily or mental, may subsist on a yegetable 
diet, and enjoy perhaps better health than they would if 
they used animal food. But a person of whom much 
mental effort is required, or who is required to exert vig- 
orous and protracted muscular effort, must depend in part 
upon animal food. Such is the obvious conclusign on 
theoretical grounds, and such is the conclusion deduced 
from a wide generalization of facts in experience. The 
snceessful student must have animal food. The soldier, 
meeting hardship and exposure, must have animal food. 
The hard-working man in the field or the shop requires 
animal food. To reject such food is altogether at variance 
with the teachings of both our structure and our expe- 
rience. 

204. But a wide range of choice is left when these con- 
ditions have been complied with. Our preferences and 
observation must then guide us. There is an endless di- 
versity of taste, and each individual may, as a general rule, 
allow his own taste to determine his selection of different 

304. Beyond the general considerations, iiow are we to be guided in the seleo- 
tiOQ of our food 7 
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kinds of food ; nature, however, furnishes us checks upon 
this selection. Some kinds of food are found to stimulate 
the secretions too much, particularly in the warm season, 
and bring on summer complaints; other kinds of food 
seem to check the secretions, and are not digested at all, 
but remain in the stomach till fermentation commences. 
Then either the gaseous eructations from the stomach, or 
portions of the food itself rising into the mouth, enable us 
to taste and recognize the kind of food which the stomach 
will not digest. Cheese, cabbage, fish, etc., are thus often 
pointed out to individuals as injurious. Each person may, 
then, follow his natural preferences in the selection of 
his food, subject, however, to such modifications as are 
suggested by his observation of the effects of particular 
articles of food. These principles, judiciously applied, will 
lead to very different rules for different persons, but still, 
for each one, such rules as it is safe for him to folio w.** 

205. There is, however, a diseased condition of the 
stomach constituting dyspepsia, in which the taste is 
scarcely reliable at all as a guide. The gastric juice is 
either sparingly secreted, or it is impaired in quality. It 
is necessary then to furnish such food as will, as far as 
possible, excite the mucous coat of the stomach to action. 
The covering of the kernels of grain, or any other sub- 
stance which gives coarseness of texture, have this effect ; 



•' Persons who complain of being injured by particular kinds of food, 
often admit the soundness of these rules by saying that when they ate 
such and such articles they knew that they should be injured by them. 
The difficulty is not that the indications of nature are so obscure, but that 
we are so averse to following them. 



205. When is the taste not reliable Lsa gnlde'? What Is the first object to be 
pccured in the food of dyppeptic persons f What kinds of food answer this pur- 
1 Of»e * What other property must the food possess f What kinds of food aro 
t4>^rtjectcd on thi0 ground? ' 
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^nd henoe bread made of unbolted flour is one of the 
most suitable forms of food for sucb persons. But it is 
also desirable that the food be easily digested ; hence, rich 
pastries of all kinds are objectionable for such persons. 
JJ^ew bread is also unsuitable, because, when eaten, it be- 
comes an adhesive mass which does not allow the gastric 
juice to mingle readily with it. Hence, also, everything 
that tends to preserve substances, that is, to prevent spon- 
taneous chemical changes, would also tend to prevent this 
particular chemical chaiige, of which digestion consists. 
JHenoe, preserves, meat which has been salted, any sub- 
Stances which have been pickled, are suitable only for per- 
sons whose digestive powers are unimpaired and vigorous. 

20C. Perhaps, strictly speaking, there is no such thing 
as liquid food ; still we often take food into the stomach 
.in a liquid state. Milk, especially, is of this kind, but it 
separates before digestion into solid and liquid portions, 
and the solid portion, in which the nutriment consists, is 
subjected to the ordinary process of digestion. It is cer- 
tain that the liquid po.rtion of gruels and soups is also, in 
9t great measure, absorbed before the nutritious part is 
d'gested, though it is not improbable that some of the nu- 
.tritious i>ortion is absorbed directly into the circulation, 
without going through the digestive process. 

Liquid substances are, however, as much required in 
the system as solids, though we may not regard them as 
food. The blood requires a certain proportion of water to 
give it fluidity; and as it is every moment giving off 
water from the system by perspiration and by the breath, 
it is necessary that water be supplied in considerable quan- 



5IO§. How is liqaid food received into the BjrBtem T Why does the Fystera. re- 
quire liquids f How are they taken into the eiye>tera ? What objections exist to 
t. the uf>e of tea and coffee f What circumstances woald indicate that they may he 
used t Why are alcoholic drink:* injurioas f 
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tity. This is ftbsarbed by the stomach, and received at 
once into the blood. It is taken either in the form of 
pure water or some modification of it, and generally in 
connection with our food. This practice of taking drink 
in connection with our food has sometimes been objected 
to, but it seems to he natural, and in harmony with the 
wants of the systeoL 

Tea and coffee have often been objected to as affecting 
tlie system injuriously. They undoubtedly contain propr 
erties which, when taken to excess, have such effects, 
and if headache and want of energy result, when the 
stimulus of them is withdrawn^ their use should be aban-r 
doned. They, however, contain, as their essential propr 
erty, a compound of nitrogen, which is probably useful, 
and, with certain kinds of diet, may be essential to the 
health. When taken moderately, they doubtless encourage 
.a healthy action of the stomach, and of the general system*. 

Alcohol, as a chemical compound, has nothing analogous 
to it in the system, and, so far as we know, never contrib- 
utes anything toward the formation of any of the tissues 
of the body. It contains the elements of respiration, and 
it may tend to give fluidity to the blood, as water does ; 
but it also possesses other properties which specially unfit 
the blood for its functions. Its principal effect in the sys- 
tem is as an excitant, and if it be admitted that the pliysir 
cian may sometimes avail himself of this property advan- 
tageously, its general effects in the community are such, 
that it would seem proper to forego any inconsiderable 
advantage which might, in extreme cases, attend its us^ 
and banish it altogether. 

207. There are several modifications which food underp 
goes in the process of cooking, which in some degree affect 

207. What changes doe« foud ander<;o by copklngi 
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its character. It is not the chemical constitution but its 
physical character that is changed. Thus, in the cooking 
of vegetables the cohesion is diminished. When meat is 
boiled a part of the cellular membrane is dissolved, while 
the muscular fibre which lies within is unchanged. The 
baking of bread simply breaks the vesicles in which the 
farinaceous part is held. Thus, the mechanical obstacles 
to the digestive process, which exist in the substances 
used as food, are partially removed by the cooking process. 

208- In connection with the cooking of food there are, 
however, several additions, such as salt, vinegar, mustard, 
and various spices. Some of these, particularly salt, are 
demanded in small quantity by the system. Others, with* 
out being absolutely necessary, may, by rendering food 
palatable, so far favor the secretion of the gastric juice, 
and their presence, in contact with the mucous membrane 
of the stomach, may stimulate it to activity ; so that a 
moderate use of them is probably not deleterious. There 
is, however, no doubt but that the degree in which they 
are used is excessive, and, by over-stimulating the stomach, 
tends to weaken its power. 

A degree of warmth to the food considerably above the 
ordinary temperature of surrounding objects, is also a 
healthy promoter of the digestive powers ; but the inju- 
rious habit is often acquired of taking food, especially tea 
and coffee, so hot as to injure the organization of the 
tissues. 

209. The quantity of food. From what has been 
said of the objects for which food is taken, it follows that 
the amount needed will be variable, depending upon the 



. 208. What are the effects of the oeveral subBtances added in the cooking pro- 
ee»» to flavor food ? How is the system affected by the temperature at which 
some articles of food are taken f 
209. How is the proper quantity of food indicated ? 
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effort put forth and the degree of exposure to which we 
are subjected. The demands of the appetite are the natu- 
ral indication of the quantity needed. There is a period, 
at every meal, when the appetite is satisfied, and yet more 
food can be eaten without inconvenienf^ or aversion. 
This indication of the appetite that the wants of the sys- 
tem are met, ihough not obtruding itself upon our notice, 
always exists, and may with attention be observed. After 
this period whatever is eaten is not because the system 
craves it, but because it gratifies the taste, and is likely to 
be injurious. 

210. There are instances of a morbid appetite which it 
would be unsafe to follow ; but there are always in con- 
nection with it other indications of disease, which leave us 
in no doubt that it is unnatural. 

There are often complaints of want of appetite, but it 
is safe to follow this indication and abstain from food. A 
person seldom suffers from abstinence when there is no 
craving for food. Some of the best medicinal effects upon 
the system are produced by this abstinence. The want of 
appetite is the warning of nature not to lay upon the sys- 
tem at such times the task of digestion. 

211. Times of taking food. The teaching of nature 
is to eat when we are hungry, but the desire for food is 
only periodical. It is undoubtedly best that we have 
stated times for eating, and eat only at those times. These 
periods should be often enough to meet the demands for 
repair, which are continually made by the system. The 
general practice of taking three meals a day is, probably, 
not objectionable, though some have contended that only 
two would be preferable. 

210 le the appetite always a gaide ? What is the indication when there is a 
Irant of appetite T 

^11. How often shonld food be taken ? What objection exists to taking food 
lietweeu our regular meahs ? What to eating in the evening just before retiring ? 
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Lunches e ^een meals cannot but be injunous. The 
stomach, like the organs of the body generally, requires 
periods of rest ; when food is taken between meals, de- 
mands upon the stomach sice made continually. For the 
same reason, the eating of fruit or confectionery, except 
at regular meals, is hurtfuL The same objection lies 
against the habit of eating a short time before retiring. 
All of the involuntary powers are less energetic during 
sleep than when we are awake; digest on will therefore be 
feeble, the food will lie too long in the stomach, relish for 
the next meal will be diminishtd, and the power of the 
system to act upon it reduced. Besides these effects, 
• dreaming is often induced, and thus sleep fails to refresh 
any of the powers of the system. 

212. Ctonditioiui upon which digestion dependf . 
As the gastric juice is the principal agent in effecting the 
.necessary changes upon the food, the circumstances most 
favorable to digestion are those most favorable to the 
supply of this secretion. If the system is in a healthy 
state, whenever the stomach is suitably distended with 
food, and sufiBcient blood is supplied to it, the secretion 
will take place. Digestion will depend then, in the first 
place, upon an active circulation of the blood. This re- 
quires that there should be considerable exercise, but not 
of a character to exhaust or depress the powers of the sys- 
tem, and that there should be an abundant supply of pure 
air for respiration. 

213. It is necessary, in the second place, that the blood 
be not deflected to other organs, but allowed to go to the 
stomach. This last condition is one very likely to be in- 

212. Upon what does difr^stion depend ? Upon what doee the eecrntion of 
the gai»tric jaice depend t What are the conditions upon which an active circu- 
lation dependts t 

213. When tiiere is active drcnlation, how may it be prevented from going in 
'»afli>.ient quauttty to the etomach f 
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terfered with. Time should be allowed not only for eat- 
ing but for digestion. The energy so characteristic of this 
country, drives the laborer from his meal at once to his 
work, the merchant to his counting-room, and the profes- 
sional man to his otfice. There is no interval of rest during 
which the stomach can command the whole energy of the 
system in digestion ; and hefice it is not surprising that 
that function is so often impaired. 

214. The mind may also be occupied involuntarily in 
such a way as to control the circulation and greatly inter- 
fere with digestion. Grief, melancholy, intense anxiety, 
all have this effect. Hence it is that travelling, visiting 
wBitering-places and the like, are often so serviceable. 
They divert the attention, and hence allow the circulation 
to resume its natural course, and to be employed in diges- 
tion whenever it is thus needed. 

The conditions of the system most favorable to digestion 
are those in which there is neither physical exhaustion, 
ennui, nor mental depression, but such physical activity 
as to keep up a free t5irculation of the blood, buoyant 
spirits, and moderate mental activity, as in ordinai-y con- 
versation, .t' 



Section IIL — The Duodenum and Organs connected with it. 

115. The duod^mm (p, e, i, Fig. 93) (also 5, Fig. 94) 
is the commencement of the small intestine, from which it 
is distinguished by being more closely confined in its po- 
sition, and by its not being connected with the spine by 
the mesentery. It arises from the stomach at the pyloric 

2 1 1. What it» the effect of clnee application of mind npon the digestive pro- 
cess ? What then are the conditions favorable to digestion ? 
Ssetimt /Jjr«— 215. Describe the daodenam. 
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- « 6 The Daodennm. p The pyloric orifice of the stomach, g The*ile eac 
c The dact from the liver, o The pancreas. 

orifice, and is from eight to ten inches in length. Like 
the stomach and the intestines, it is composed of three 
coats. 

218. The liver (3, Fig. 94) is the largest gland of the 
body, and is situated on the right side of the abdomen, 
in contact with the diaphragm above, and with the pyloric 
portion of the stomach below. It receives a small artery 
by which its nourishment is conveyed to it. But it is 
supplied with a large amount of venous blood. It is the 
only gland which is supplied with venous blood, and a 
special arrangement of blood-vessels called the portal sys- 
tem is furnished which collects the venous blood from all 
of the other digestive organs and empties it into this 
gland. The bile is secreted from this blood, and is a 
slightly viscid fluid, greenish, bitter, and alkaline. There 
is a duct (c. Fig. 93) leading from the liver to the duode- 
num, and another from the bile sac {g) opening into it. 

216. The liver. How is it rapplied with blood ? For what i« the Venons 
blood mmiphed ? What are the properties of the bile r How is it disposed of 
during digestion and during the Intervals ? 
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The Dlgeetive Or^ns. 1 The epophajnis. 2 The stomach. 3 The liver. 4 The 
1 ile 8ac, its duct opening into the hepatic duct. 5 The duodenum. 6 The pan- 
creaa. 7 The small intestine. 8 to 13 The large intestine. 13 The spleen. 

During digestion, the bile passes as it is secreted directly 
to the duodenum ; but during the intervals of digestion, 
after filling the duct, it passes backward into the bile sac, 
and is retained until digestion again commences. 

217. The average daily secretion of bile is about three 
and a half pounds. It consists mainly of two ingredients 
— the coloring matter, which is a merely refuse substance 
act again used in the system, and some oily materials, 

?R1 7. What is the amount of daily secretion of bile ? What are its two chief 
ingredients f How is the saponaceous portion disposed of T 
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combined with soda, forming a peculiar variety of soap. 
This is reabsorbed as part of the chyle. Thus a portion 
of the bile becomes^xcretoent, and to this end the liver is 
an organ for eliminating waste mftteriaf from the body. 
The saponaceous portion goes again into the circulation, 
either as an econoniical use of material, or it may serve 
some useful purpose not fully understood in connection 
with the absoi-ption of chyle. 

218. The secretion of bile is from the portal blood, re- 
garded simply as venous blood, but it also contains the 
nutritive elAnents of the food which have been absorbed 
by the stomach. The liver performs important changes 
upon this newly admitted portion of the portal blood. 
The generarobject seems to be to prepare it for being acted 
upon by the respired oxygen. Accordingly, it converts a 
portion of the new material into live^?«8«gar, a form of 
combustible food it the best condition -for use in the 
lungs.** The blood-cells in a state of formation seem also 

*« An mtiiiiate relation exists betweeti the liver and the Inngs In a 
cold climate we respire more oxygen than when the temperature is milder. 
The liver seems then to prepare all of the elements of respiration which 
the food fdroishes for us6 in the lungs. ]^en then there may be not 
^oufgh, and the oxygen acts upon the lungs themselves, inducing con^ 
sumption. In warm climates, on the contrary, because of the diminished 
supply of oxygen, the respiratory food is not all u^ed. The liver returns 
it to the intestines. It comes back to the liver, and is again returned. The 
liver becomes thus overtaxed and diseased. Hence the prevalence of pul- 
monary diseases in cold climates and of bilious diseases in warm climates. 

The liver is larger in proportion as the lungs are smaller. In cold- 
blooded animals the respiration is very feeble and the liver very large. 
'Such animals take a large amount of food at once, and are then subject to 
long fasts. The food is digested and furnished to the circulation. Pass- 
ing many times through the liver, a portion is each time fitted by it for 
use in respiration. It is thus retained in the system until, by slow respi- 
ration, it is all consumed. 

■ 318. Has the liver other fhnctions besides secretinir bile ? What i» the first 
change upon the new materiid in the liver ? What other fonction of the liver 7 
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to receive imx)ortant additions in their passage throagh 
the liver. 

219. The panoreat {o, Fig. 93) is a gland about six 
inches in lengthy situated behind the stomach and across 
Ote spine. It secretes a fluid resembling the saliva, which 
is conveyed by the pancreatic duct into the bile duct, 
and is thence emptied into the duodenum. 

220. The amount of pancreatic fluid is two or three 
times as much as the bile> and has no other known agency 
except the change which it effects in the digestive process. 
The chyme as it enters the duodenum contains all of the 
oily, saccharine, and starchy ingredients of the food nearly 
unchanged. The action of the stomach has been to sep- 
arate the nitrogenized compounds and introduce them 
into the portal blood. The pancreatic juice, influenced to 
great extent by its alkaline character, changes starch into 
sugar. Sugar,. whether taken into the system as such or 
derived from the changes upon starch, is decomposed into 
lactic acid, and in this condition is readily absortjed. 

221. The pancreatic juice, while it does not decompose 
the oily constituents of food, does bring them into the 
condition of an emulsion. This will be best understood 
by remembering that milk is • essentially an emulsion. 
The water, which is its chief constituent, does not dis- 
solve the butter, but it holds it suspended in particles of 
extreme minuteness, and it is only by long standing that 
the oily particles nse to the surface. The white color re- 
sults from these suspended particles of oil. The pancreatic 
juice is capable of bringing into minute division the oily 



219. Describe the pancrean and its oecretion. 

2*0. What Ih the daily secretion from the pancrean ? What are the conrtita- 
enti* of the chyme T What 19 the action of the pancreatic secretion on starch t 
Upon »ngar t 

221. Upon the oleaginoos portions of food t Give the illaBtration. 

8 
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substances of the food, and holding them in this condition 
of an emulsion. 

222. It is then the office of the pancreatic jrtice to bring 
into a condition suitable for absorption all of the respira- 
tory elements of the food. The respiratory porticm of the 
food, in this condition, is called chyU. It has a milk-like 
appearance, and consists of the useful portion of the bil^ 
of an emulsion of the oily parts of the food, and of the 
starchy and saccharine parts, mostly in the form of lactic 
acid. There remains then only that part of the food 
which is incapable of being vitalized and appropriated* 
The two substances in this condition enter the small in- 
testine. 



Sedion IV.— The Intestines. 



22S. The small intestixie (7, 7, Fig. 94) is a continu- 
ation of ^e duodenum, and is about five times the length 
j^ 95. of the body. 

^^^^ 224. This intestine is supported by the 

y**^ ^^^ peritoneum, which is the membrane that 

(• m \ \\XLQ^ the cavity of the abdomen. When 

'I J^ ^X ^^^ °i®°^^rane (a. Fig. 95) comes to the 

^**^^d spine, 5, it goes forward so ^ to inclose 

Horizontia Section of the intestine 6, then returns to the spine 

The peritoneomf 9 and coutinucs its coursc in the direction 

pmau^imwtine.'^c t. This duplicature of the peritoneum 

The mesentery. ^^^^^ ^^^ ^^^^ ^^^^ ^^ ^^^ intestine, and 

the double membrane between the intestine and the spine 

323. What, then, \% the fhuction of the pancreatic juice f What ie the prodact 
called ? Of what doe« it coni^i^t f 
Steiiom l'F*«— 333. DeMsribe the small intestine. 
334. Describe the meseatery and lacteals. 
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is called the mesentery. A portion of the mesentery 
(2, 2, Fig. 96) is represented as supporting the intestine ; 
and lacteal vessels (1, 1) come forward to the intestine, 
and probably open into it by capillary orifices. 

iti. The intestines are subject to a constant vermicular 
motion, by which their contents are made to move slowly 
through them. The particles 6f chyle, as they pass along 
the intestine, are gradually absorbed. The veins undoubt- 
edly absorb, to consider^-ble extent, those which are not 
oleaginous. These veins are feeders to the portal system. 
Thus all the products of stomach digestion and part of 
the products of intestinal digestion are subjected to the 
action of the liver before they pass to tlie heart and lung& 
The lacteals absorb the remaining portions of the chyle. 

226. The lacteals pass through small glands wittiin the 
mesentery, and continue to unite as they approach the 
spine, where they form but one vessel (4), the recep- 
tacle of the chyle. This vessel forms a continuous 
tube up the spine, where it is called the thoracic duct, 
and opens into the vein (the descending vena cava, at 10) 
which collects the blood from the head and upper ex- 
tremities. 

227. The chyle, as it appears in the lacteals, contains 
also some nutritive elements, whether derived from the 
chyle in the intestine oi absorbed from the contiguous 
blood-vessels. In fact, the oil globules seem to be coated 
with a substance of this kind. Some of these oil globules, 
in passing through the mesenteric glands, become incipient 
blood-ceils, though they have not yet assumed the red 
color. It seems also that these glands convert some of 

225. How are the contents of the iateBtinee kept in motion? How is the 
chy'e disposed of ? Describe the actions of the veins. 

226. What is the ftinction of the lacteals ? 

227. How is the chyle in the thoracic dact different fh)ni that which is foan4 
in ihc lacteals at their origin ? Uuw U the chan«*e made ? 
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the nitrogenized material which passes throngh them into 
fibrine. So that the chyle, as it appears in the thoracic 
duct, contains both fibrine and incipient blood-cells. 

228. We have seen that jmrt of the new material from 
the food, as it passes through the liver, is converted into 
liver-sugar, and the new blood-cells undergo modification. 
The other part of the new material is changed in passing 
through the mesenteric glands, some into fibre, the source 
of muscular repair, some into blood-cells, and a portion 
remains in its oleaginous state. Thus all of the useful 
portion of the food, after digestion, passes through glands 
which impress important changes upon it,** making of the 
nitrogenized portions blood-cells and fibrine, and of the 
non-nitrogenized portions the substances best fitted to 
evolve animal heat. Thus we see where the greatest 
amounts of the material rex^uired in the system are elabo- 
rated. Exactly where the brain material and some other 
parts are formed has not yet been determined. 

229. Thus we have traced the changes upon the food 
till it enters the veins. It is now a constituent of the 



•* It seems somewhat strange that the changes of the new portions of 
the blood in the liver arc the formation of liyer-sngnr, a non-nitrogenized 
compound, though the nitrogenized food which had been digested bj the 
stomach passes into the portal blood ; and that the principal changes ef- 
fected in the mesenteric glands are the formation of blood-cells and of 
fibrine, both nitrogenized compounds, though the materials seem to have 
been derived wholly from the digestion of non-nitrogenized food. 

It may be said, in explanation, that only a very small part of the mate- 
rials newly received into the blood need any change, and that in the great 
amount of absorption and secretion in the digestive tube there is not 
likely to be such a complete separation of the two kinds of food as a gen- 
eral description of the process would seem to indicate. 

228. Is digeetion the only modification which the foo4 undergoes before it 
enters the blood f Is it known where all of the materials for repair are <^laboi ared f 

229. Is the nsefhl portion of the food all transferred to the veins f Where 
most we look for any fiirther changes upon it f 
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1, 1 Lacteal?. S, 8 Part of the mesentery containing mesenteric glands. 8, 8 
Part of the small Intestine. 4 The receptacnlam chyli, continnea upward ae 
the thoracic dact, which opens into the descending vena cava at 10. 5, 6. 5 
Lymphatic vessels opening into the receptaculum chyli. 6,6 The diaphrai^. 
7 The aorta. 8 The spine. 9 The descending vena cava. 

blood, and its further course must, therefore, belong to the 
circulating system. 
230. The large intestine (8 to 12 inclusive. Fig. 94) 
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is about one-fifth the length of the small intestine, but it 
has much greater capacity. The nutritious portion of the 
contents of the small intestine having been absorbed, the 
excrementitious portion is received by the large intestine, 
and, after being conveyed by a circuitous course, is expelled 
flx>m the system.** 



CHAPTER n.— OF THE CIRCULATION. 

231. The circulating fluid is the blood. It contains 
the materials which are necessary for the formation of all 
the tissues of the body, such as brain, muscle, bone, etc., 
and those which are employed in the various repairs which, 
the body requires ; and we have seen how these materials 
are continually elaborated and furnished by the digestive 
pFocess. 

232. The amount of blood has been variously estimated, 
but twenty pounds is probably about its average weight. 

233. If a portion of blood be taken from a vein and 

•• The excrement is lodged in the large intestine to prevent the neces- 
sity of constant depletion ; but scarcely anything is more impoitant to 
health than that the feces be evacaated daily, and it is better that it should 
be at a particular hour. Persons whose habits are not active, ani whose 
respiration is feeble, communicate but little mechanical motion to the ab- 
domen, and the feces become hardened and may remain for days. This, 
however, cannot be without injury; the system should be required to 
conform to rule, and a constipated state of the intestipes will then seldom 
occur. 

230. Describe the large inteBtine. 

Cbapter II.— 231. What is the circulating fluid f What are Its pecnliarl- 
ties which fit it for Berving the purpose of nutrition ? How does it receive the 
nutritious substance ? 

232. What i^ the amount of blood in the pyetem T 

233. What are the parts of which blood ie composed ? 
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allowed to stand for a short time, a part of it becomes 
watery and nearly colorless. This is the Mmmy upon 
which the liquidity of the blood depends. The clot or 
solid portion can be reduced by repeated washings to a 
stringy and nearly colorless mass, which is fibrin. This 
is the nutritious part That which has been washed out 
consists of blood-cells, upon which the color of blood de- 
pends, and which is essential to the proper effect of respi- 
mtion upon it 

Fig. 97. 




1 The peiicardlnm. 3 The heart. 3, 3 Biood-ve8Bel8 flx>in the heart. 4 The 
tr 'h"H. SThelnn^p. 6 The liver. 7 The etomoch. 8 The large intestine. 
. y, 10 The smiill imeoiine. 
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234. We may regard the organs of circulation as a sim- 
ple hydraulic apparatus, designed to establish the motion 
of a liquid in a given direction, and through a given cir- 
cuit. It must then contain a set of tubes in which the 
liquid is to be conveyed, so fitted with valves as to prevent 
the motion in one direction and allow it freely in the other, 
imd means of exerting the force necessary to produce the 
required motions of the fluid. Tiie heart, arteries, and 
veins are designed to fulfill these conditions. 

235. The heart (see lith. pi IV., Fig. 1) is inclosed in 
a strong celluhir substance (1, Fig. 97), called the pericar- 
dium, the inner surface of which supplies the lubricating 
fluid for the motions of the heart. The mediastinum is 
the double membrane which comes forward from the spinal 
column to the sternum, and divides the thorax into two 
cavities. The heart, with its pericardium, is situated be- 
tween the two layers of the mediastinum (H, Fig. 98), en- 



Fig. 98. 



Fig. 99 




A Horizontal Section of the Tho- 
rax. The two membra iiux. 1, 1, 
conBtitnte the media«t inum. ^, 
2 The e>ame membrane extenJa 
Bo as to line the cavity of th'i 
thorax, where it is the pleura 
costalis. .3, 3 The continuation 
of it. so as to cover the lungs, 
the pleura pulmonalis. 




1 The rieht anricle. 2 The ri«jht vontricl©. 
8 The left anricle. 4 The left ventricle. 
5 The ortflce from the ri^ht anricle to 
right ventricle. 6 The orifice fl*oni the 
left auricle to the left ventricle. 7 The 
pulmonary artery. 8 The aorta. 



234. Wliat organs are necessary to constitute an apparatus fur the circulation 
of the blood? 

235. Describe the mediastinum. The pericardium. The position of the heart. 
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croaching more npon the cavity of the left side than the 
right, with its apex directed downward and resting on the 
diaphragm. (See hth. pi. III.) 

236. The substance of the heart consists of a mass of 
muscular fibres, so arranged as to inclose four cavities. 
Tlie first (1, Fig. 99) is the right auricle, and the second 
{2) is the right ventricle. The third cavity (3) is the left 
auricle, and the fourth (4) is the left ventricle. The 
auricles may be regarded as mere enlargements of the veins 
which bring the blood to the heart. The thick, strong 
muscular walls of the ventricles (2, Fig. 100) indicate that 
they are designed to give the principal force to the arterial 
circulation. Both ventricles contract at the same time. 

237. The orifice (1, Fig. 100) from the auricle (3) to the 

Kg. 100. 




Va1ve« of the Heart and Arteriec. 1 The orifice between the anrlcle and ven- 
tricle. S The nmscular walls of the ventricle. 3 The auricle. 4 The ventricle. 
5. 5, 5 The fleshy and tendonon» ligaments by which the valves of the heart 
are Htrenjirthened. tf Valves of the arteries. 7 The descending vena cava. 8 
The ascending vena cava. 

236. Give the stracture of the heart. 

237. Do»cribc' th«^ vnlvu^ of the heart. 

8* 



Digitized by 



Google 



178 OP THE CIBCULATIOK. 

ventricle (4) is furnished with membranous valves, which 
easily yield when the blood passes in the direction indi- 
cated by the arrow (at 1) ; but when the ventricle (4) 
contracts, they are prevented from yielding by fleshy and 
tendonous strings (5, 5) extending from them to the walls 
of the ventricle." They, therefore, allow the blood to 
flow into the ventricle, but prevent its reflux. Those in 
the first ventricle are called the tricuspid valves ; those 
in the second ai'e the mitral valves. 

238. The arteries are the strong cylindrical tubes 
which convey the blood from the ventricles. They are 
composed of an exterior coat of condensed cellular sub- 
stance, upon which the strength of the artery principally 
depends, a middle coat of elastic membrane, with muscu- 
lar fibres interspersed, upon which the contraction of the 
artery depends, and a third membrane, with a smooth in- 
terior surface, the object of which is to diminish the fric- 
tion arising from the motion of the blood. 

239. The arteries, as they arise from the heart, are each 
furnished with valves (6, Fig. 100), which are so con- 
structed as to allow the blood to enter the arteries freely, 
but to prevent ijts going back into the ventricles. They 
are named the semilunar valves, and are the only ones 
which the arteries contain. 

240. The pulmonary attery (12, pi. Ill) arises from 
the right ventricle, and is distributed to the lungs. 



•^ These strings, as stay ropes, not only snpport the valves, but they 
cause the blood and* the chyle, which have just been emptied into it, by 
their rapid motion through the meshes thus formed, to be more Uu>roughly 
mingled together before going to the lungs. 



338. The arteries. 

339. The valves of the arteries. 

340. The palmonary artery. 
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211. The artery which. arises from the left ventricle and 
is distributed to the body, is called the aorta (a b, pi. 
VI.) The first branches from the aorta are the corcmary 
arteries, a small pair, which is distributed to the substance 
of the heart. The two carotid arteries (2) arise from 
the highest part of the arch of the aorta, and ascend*^ 
along the neck to the base of the cranium, where they 
each divide into two portions, one of which supplies the 
brain and the other the face and the integuments of the 
head. The two subclavian arteries (3) also have their 
origin from the arch of the aorta, and supply the upper 
extremities. In its passage to the diaphragm, the aorta 
gives off small branches to the lungs and parietes of the 
thorax. Within the abdomen it gives off the phrenic 
artery (4), which is sent to the diaphragm, the cceliac ar- 
tery (5), which supplies the liver and pancreas, the stom- 
ach and the spleen, the mesenteric artery (6), which 
goes to the intestines, and the emulgent artery (7), which 
goes to the kidneys. As the aorta enters the pelvis, it 
divides into the iliac arteries (8), which, after sending 
branches to supply the external and internal parts of the 
pelvis, are distributed through the inferior extremities. 

242. The veins are the tubes by which the blood is 
returned from the different parts of the system to the 
right auricle of the heart Like the arteries, they have 
three coats, but they are thinner and have less strength, 
though much greater capacity. They are furnished with 
•« great number of valves (Fig. 101) in the different parts 
of their course. The veins have the same general distri- 
bution as the arteries (lith. pi. VII.). Those from the 
head, thorax, and upper extremities unite to form the 
descending vena cava (10, pi. III.). Those from the 

341. Describe the aorta and its branches. 
343> Describe the veins. 
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1 A vein. Tn the lower part the vein laid open to show the nnmerons folds, 8, 9, 
of the inner ooat of the vein which act as valves. 3 The opening ojT a branch 
into a larj^er vein. 

abdomen and lower extremities unite to form the as- 
cending vena cava (9). These two veins meet at the 
right auricle. 
213. We may now trace the blood in its course 

through this system of vessels (lith. pi. V.). It will he- 
come more simple if we regard the first auricle and ven- 
tricle as constituting one heart, and the second auricle 
and ventricle as constituting a second heart Such divi- 
sion actually exists in some animals. Jjet us commence 
with the blood, as it is collecting from every part of the 
system {b, b, b) into the veins. We find these veins all 
lead to and terminate in the first auricle (1), from which 
the first ventricle (2) receives it, and by contraction sends 

243. The conree of the circnlatlcn. 
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it through the pulmonary artery into the lungs. The 
circulating fluid thus far h&a heen dark blood. In the 
lungs it undergoes certain changes, and receives a florid 
color. It is then collected by the veins of the lungs and 
brought to the second auricle (3), from which the second 
ventricle (4) receives it, and by contraction sends it into 
the aorta to be distributed to all parts of the body, to be 
again collected by the veins. If we now regard these two 
hearts as brought together, and, to economize room, united 
into one organ, we shall have a correct idea of the human 
heart and of the circulation, through the system. 

244. There are several distinct forces by which the 
circulation is promoted. The various movements of the 
body must be incessan tly compressing the veins; and,. as 
the valves prevent a reflux of the blood, these motions 
must contribute to carry the venous blood toward the 
heart. The suction power of the right auricle, and per- 
haps a slight contraction of the veins, have been supposed 
to assist the venous circulation. But the enlargement of 
the thorax at each inspiration, as it causes the breath, so 
it causes the blood to enter the thoracic cavity. More- 
over, the capillaries, by capillary attraction, draw the blood 
into them. Here the blood is changed, and then the capil- 
laries have but little attraction for it. It is, therefore, 
allowed to pass on. This attraction is the principal force. 

The arterial circulation is chiefly dependent upon the 
contraction of the heart. It is for this purpose that so 
large an amount of muscular power has been given to it. 
The arteries are also elastic and probably muscular. At 
each pulsation of the heart, the new blood which they re- 
ceive stimulates them to contract, and thus each wave set 
in motion by the ventricle is closely followed by a con- 



344. Wh4t are the forcea by wtdch theyenoas circalation U tfostaioed t How 
is the arteriAl circulation sudtalued i 
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traction of the artery, and the motion of the blood is per- 
petuated to the capillary vessels, and perhaps beyond them 
into the veins. 

215. Without accurate calculation, we have very little 
idea of the quantity of blood thus sent through the sys- 
tem daily. The ventricle receives nearly two ounces of 
blood at each pulsation, which it discharges into the 
aorta about seventy-five times a minute, making nine 
pounds, or more than a gallon every minute, or two bar- 
rels an hour. 

216. Whenever the artery lies near the surface, the wave 
produced by each contraction of the heart can be distinctly 
felt, constituting the pulse. Its frequency varies with 
the mental states,*" the amount of exercise, the age, the 
sex, and the health. In young children, the beats are 
more than a hundred in a minute. The ordinary pulse 
of a healthy person in mature life is about seventy-five. 
In old age it may sink to fifty or less. But its most re- 
markable changes are those dependent upon the condition 
of the systeuL It is to the physician his most reliable in- 
dication of the degree and kind of diseased action." 

•* Hence those poetic expressions, "the heart leaps for joy," "melts 
with grief," " sinlis within one," and " the blood curdles in the veins," 
' are not altogether figurative. 

•" It is one of the remarkable instances of adaptation in the system, 
that the heart is so sensitive to the slightest changes in the state of the 
blood, that its mode of contracting, and its frequency, indicate the exist- 
ence of disease in its very first stages, and yet the heart is not sensible in 
any degree to external contact. " Hervpy had an extraordinary oppor- 
tunity of showing this. A young nobleman, from disease, had the heart 
exposed so that it could even be handled while beating ; and Hervey found, 
to his astonishment, that, unless his fingers came in contact with the 

1245. What is the amount of blood circulated each hoar f 
. 346. How is the pulse pcodaced ? Upon what does its rapidity depend, and 
to what account is it put 7 



Digitized by 



Google 



OP THE CIRCULATIOK. 183 

247. When a vein is severed, the walls easily eollap6e 
and a coagulpin forms around the orifice and checks the 
loss of blood. But when an artery is severed, the elasticity 
prevents its collapsing, and the blood escapes in spirts. 
The loss of blood is often so rapid that it causes death in 
a short time. The first thing to be done then is, to close 
the artery mechanically till surgical aid can be obtained. 
Sometimes the thumb pressed bard upon an artery on the 
side of the wound, toward the heart, will be sufficient to 
check the blood. A handkerchief or other bandage may 
be placed around a limb which has been wounded, and 
drawn so closely that the pressure of a knot in it placed 
over the artery will be sufficient compression. Or a key 
slipped under the bandage and upon the artery may be 
used as a lever to compress the artery. But it may often 
be necessary to put the finger into the wound, find the end 
of the artery, and compress it there. 

But a physician should, in such cases, always be called 
at once. We may succeed in checking the loss of blood for 
the time being, but the end of the artery must be taken 
up and tied with a ligature, in order to resist the elasticity 
of the artery and force of the circulation long enough for 
the artery to heal. 

The danger to be apprehended from the wounding of 
an artery is sufficiently indicated by the fact, that they lie 
as far below the surface as they can be* placed, and aro 



ontcr skin, the young man was altogether unconscious of the heart beings 
touched." Upon reflection, we see that it is entirely unnecessary that it 
should have the sense of feeling. Anything that would reach the heart 
would be likely to produce death, and hence the sense of feeling there 
would be no warning of danger, as it ij at the surface. 



24 T. What practical rule is to be observed when an artery U woimdecl T How 
is the bleeJln^f to be stopped ? How is the artery to be nltiraately secured ? - 
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. otherwise guarded in various ways to protect them from 
injury. They are placed so near the surface that the 
pulse can he felt^ only when it is impossihle to have them 
lie deeper, as those on the head, or those which pass the 
wrist to go to the fingers. 

248. When an artery has been seyered, it might seem 
that the circulation in the part to which the artery is sent 
must be prevented. But provision is made for such cases 
by the ancistoniosing of the arteries. Thus, if the princi- 
pal artery of the arm or leg were taken up (at 9 or 10, pi. 
VL), the small anastomosing arteries (11 or 12) would still 
carry blood to the part beyond, and they would soon en- 
large so as to furnish a competent supply. 

249. The blood is subject to two distinct circulationSy 
one through the lungs, which may be called the pulmonary 
circulation, the object of which is to effect certain changes 
in its constitution; and another, much more extensive, 
through the various parts of the body. The object of this 
is the nutrition of the system, and may be called the nu- 

, tritive circulation. 
^ 250. The amount of the change effected by nutrition 
is greater than is generally supposed. The quantity of 
food taken is no measure of it whatever. The various se- 
cretions into the joints, the cranium, the abdomen, the 

, stomach, and other parts of the digestive canal, as well 
as throughout the solid parts of the body, are generally 
regarded as secretions directly from the blood ; bat it is 
by no means certain that they are not produced by the 



348. When an artery has been severed, how is the circu'atio i beyond that 
point continued ? 

249. Wliat are the two circulations to which the blood is snbject f 

250. Why is the amount of nutrition not measured by the amount of nutri- 
ment contained in the food ? What idea of the amount of repairing done in the 

, fystem do we get lh>m the amount and character of the flaid drcolaled f How 
often does the body undergo an entire change t 
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metamorphods of the tissues. It is at least certain that 
in various parts of the system there are portions of the 
tissues which lose their vitality, but which have not, by so 
doing, been rendered henceforth useless. On the contrary, 
they go either directly into the blood, through the ab8orl> 
ent system, or they are passed into the digestive canal, 
to be re-digested and sent again into the circulation. The 
amount of nutritive substance in the food which is eaten 
daily, is only equal to the amount of material which has 
been subject to such changes that it cannot be used again, 
and which, therefore, needs to be rejected from the system 
and have its place supplied by new material. 

Some idea of the amount of taking down and building 
up which is done in the system may be gathered from the 
amount of blood which traverses tho^ blood-vessels, which 
is not less than six tons a day. Its color has been changed, 
and the chemical constitution has been modified to an 
appreciable extent by materials which have been added 
to it from the wear of the system. But the amount of 
removal has been at least equalled by the amonnt of new 
structure erected. 

Hence we see that our bodies are being taken down and 
built up ; that is, they are subjected to change very rap- 
idly. The bones, cartilages, ligaments, and tendons change 
much less rapidly than the soft parts ; yet the body has 
probably been wholly taken down and rebuilt several 
times before a person reaches the age of twenty years.^' 

251. This process of nutrition takes place wholly in the 

^^ It has been thought that the body undergoes an entire change once 
in about sev^i years. Some parts are, however, changed hundreds of 
times within that period, and possibly some particles may never be 
changed ; the change in the more solid parts must also be much mora 
rapid in ea rly than in advanced life. 

351. Where do«i» nutrition take place? How are these capillary veisselft 
proved to exist To what variatiou are they subject ? 
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capillary Byntem. ; that is, in those minute tubes, too 
minute to be traced by the eye, which go from the ex- 
tremities of the arteries to the commencement of the 
veins. Such a connection is proved to exist, by the fact 
that the veins can be filled with mercury by injection 
through the arteries. Though the diameter of these tubes 
cannot be measured, yet we know that it is subject to con- 
siderable variation, and that their size in a great degree 
aflPects nutrition. Thus the enlivening emotions at once 
manifest themselves by the flush on the face ; that is, by 
the enlargement of the capillaries to such a size that they 
will admit the red cells of the blood. Fear and other de- 
pressing emotions at once contract the c^)illaries, pro- 
ducing paleness, and nutrition is almost wholly suspended* 
It is likewise, in a great measure, suspended by exposure 
of the surface to a disagreeable or painful degree of cold. 
The capillaries may become so much enlarged as to con- 
stitute disease (inflammation). Cold water, or other cold 
applications, tend to reduce inflammation, because they 
tend to contract the capillaries. 

252. Wherever growth is required, or waste has taken 
place, there the proper elements are taken from the blood 
in its passage through the capillaries, and deposited for 
the purpose of increase or repair. The selection of ele- 
ments from the blood adapted to the formation of par- 
ticular tissues, their removal from the capillary vessels, and 
their incorporation into the different organs, cannot be ex- 
plained upon any known physical principles. These pro- 
cesses are, however, going on constantly and with rapidity ; 
and yet, as a general rule, all this is done without mistake 
as to place, or to the kind or the amount of repairs re- 
quired. We can only refer these changes to the constant. 



252. What are the throe processes In whtch nntrition consiete ♦ Upon what 
principle are theM proceBaes explained f To what moat they be referred f 
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efficient, and beneficent presence of an unseen and divine 
Power. 



CHAPTER m.— OF RESPIRATION. 

253. The respiratory functions are performed principally 
in the thorax. We have seen that there is a vertical par- 
tition stretched between the spine and the sternum, called 
the mediastinum, which divides the thorax into two cham- 
bers (Fig. 98). The membrane which forms the medias- 
tinum also extends round the sides of the thorax, forming 
a complete lining (2, 2) to each chamber, and is then re- 
flected over the surface (3, 3) of the lung. It is called the 
pleura. 

254. The organs of respiration are, the larynx, trachea^ 
and lungs. The larynx (Fig. 102) is composed of five 

Fig. 102. Fig. 103. 





The Cftrtilaj^es of the Larynx, c A 
The cricoid cartilag^e. a The arr- 
tenoid cartilages, t Tne thyroid 

, cartilage. 



1 The frcwt part of the larynx. 4 The 

rsterior part of thti cricoid cartilage. 
5 The arytenoid cartilage«>. H. 6 
The vocal cords. 9 The attachment 
of the cords to the arytenoid carti- 
lages. 8, 10 The aperture called the 
glottis. 



Cbapter III,— 253. Describe the pleara. 

264. What are the organs of respiration ? Describe the several cartilages of 
the larynx. The vocal cords. How is the voice produced ? Upon what do it» 
modifications depend ? 



Digitized by 



Google 



188 



OP RESPIRATION. 



Fig. 104. 



cartilages. The lowest is a circular ring {e, h), called 
the cricoid cartilage. The thyroid cartilage {t) consists 
of two parts^ united at an acute angle so as to form the 
prominent point in the neck (called Adam's apple). This 
cartilage is situated above the cricoid, so that in front 
there is a membranous space between them." But as the 
two parts of the thyroid extend backward, they also be- 
come prolonged downward, so as to inclose the cricoid 
at the sides where they articulate with it The cricoid is 
widened behind, and upon the upper edge of this widened 
jwrtion (A, h) are placed the two arytenoid cartilages {g). 
From the base of the arytenoid cartilages (5, 5, Fig. 103) 
ligaments (6, 6) called the inferior vocal cords stretch 
forward to the front angle of the 
thyroid cartilage, reducing the di- 
mensions of the tube, and giving 
the aperture a triangular form. 
There are two ligaments com- 
mencing near the top of the ary- 
tenoid cartilages, and running par- 
allel with the lower ones, which are 
the superior vocal cords. A vertical 
section of the larynx, from a to by 
Fig. 103, would be represented by 
Fig. 104, in which 1, 1 are the su- 
perior, and 2, 2 are the inferior 
cords, and 4, 4 are the ventricles 
of the larynx. The arytenoid car- 
tilages are so furnished with muscles 
that they are capable of considerable motion ; and, as one 
end of the cords 2, 2 is attached to them, it follows that 




1, 1 The upper vocal cords. 

2, 2 The lower vt»cal cords. 

3, 3 The glotti*. 4, 4 The 
ventricles of the larynx. 



'* This small membranous space can be felt below the Adam's apple, in 
the front of the neck, and thns the position of both the thyroid and cricoid 
cartilaj^cs will be ascertained. 
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thoy may be made tight or loose, or be made to approach 
or recede from each other. The voice is made by the air 
from the lungs passing these cords, and its variations of 
tone depend on their adjustment. But it is subject to 
various modifications, from the capacity of the lungs, the 
force with which the air is emitted, from the form and 
size of the mouth, from the nose, the lips, the tongue, the 
teeth, etc. The tube thus formed is suspended from the 
OS hyoides (w. Fig. 105) by a membrane, 
n. The fifth cartilage of the larynx (i) 
is the epiglottis, so placed as to fit like a 
lid over the opening between the superior 
vocal cords during deglutition, and pre- 
vent food from entering the larynx. 

255. The trachea (4, pi. III.) is the 
continuation of the larynx to the thorax. 
It is composed of from sixteen to twenty 
rings of cartilage, which, however, do not 
extend entirely around the trachea, but The Larynx, i The 

, /,.,,.,.,,, epiirlottiP. u The 

leave a space behmd, which is closed by hyoid bone. / The 

, 1 .1 . 1 ii 1 T thyroid carrilaget*. 

membrane, and the rings are also attached n The membrane 
to each other by membrane. Immediately hyotS bone to the 
behind the first bone of the sternum, the ^^ ^^ ^^" 
trachea divides into two branches (5, 6) called bronchi, 
which go to the two lungs. 

256. The lungs (1, 1, 2, 2, pi. III.) are situated in the two 
cavities of the thorax. The left lung is composed of two 
lobes, and the right lung of three. Each lobe consists of 
a great number of divisions, called lobules. Each lobule 
is a congeries of air-cells, consisting of very delicate cellu- 
lar membrane. The bronchi, after entering the lungs, 
divide into small tubes, and one of these tubes opens into 

255. Dehcri be the trachea. 

256. The luu;;?. 
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each lobule. All of tiie air-cells in a lobule communicate 
with each other, but there is no communication between 
the air-cells of different lobules. 

257. We have seen that the blood is subject to two dis- 
tinct circulations, one of which is through the lungs. It 

* reaches the lungs by the pulmonary artery, which is sub- 
jected to exceedingly minute division, and finally becomes 
a system of capillary vessels, which are distributed upon 
the membranes composing the air-cells. (13, lith. pi. III.) 
The pulmonary veins receive the blood from these capil- 
laries and convey it back to the heart The lungs arf>, 
therefore, composed of air-cells, bronchial tubes, arteries, 
and veins." ^ 

258. Respiration consists in receiving air into the lungs, 
and expelling it from them. This is effected by the alter- 
nate contraction and enlargement of the cavity of the 
thorax; and this change is performed by appropriate 
muscles, and not by any power belonging to the lungs. 
The thorax may be enlarged in three directions. The 



'* The parts of tlie lungs here described are those upon which the res- 
piratoiy functions depend. In addition, the lungs, like all other parts of 
the body, have their nerves, absorbents, and blood-vessels for nutrition. 
The interior surface of all the bronchial tubes and of the air-cells is also 
lined with a mucous membrane, which becom'»8 important firom its ex- 
treme liability to take on disease. In a condition of health, the secretion 
from this membrane is only sufficient to keep the surfaces moist, and is 
constantly removed by evaporation. But when inflammation sets in, the 
secretion becomes copious, and either frothy or thick and adhesive, accord- 
ing to the stage and degree of the inflammation, and is thrown oflT by ex- 
pectoration. The intensity of the inflammation may vary fiom that oC 
the slightest cold to that of active suppuration. 

257. The palinonary capillaries. Of what are the Inngs compofied f 

258. In whatdoeo respiration consist? Howls this effected? Howls the 
vertical mearare of the thorax increased f The transverse diameter ? The dis? 
tance fh>m the spine to the sternam ? What are the means of ordinary, and what 
of labored, rei^piratiou ? 
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diaphragm has the form of a compressed dome (4, 4, Fig. 
106), and the contraction of its fibres tends to depress the 
dome, and reduce its position to 2, 2. The depth of the 

Fig. 106. 




A Front View of the Thorax In Hesplration. A!r Is drawn into the Inngt by fhe 
corapreptiion of tht) diaphragm to the line 2, 3. At the same time the sidetf of 
the thorax take the potfition 1, 64 Air is expelled from the Inngs by diminish- 
ing the cavity of the thorax. This is effected in part by compressing the sides 
to the dotted line 8, 4. In part, also, by compressing the abdomen from 6 to 7, 
thns elevating the stomach and liver, and Ualng the diaphragm to the doited 
line 4, 4. 

thorax is thus increased. The ribs come obliquely for- 
ward and downward from the spine, so that their anterior 
extremities meet the line 2, 2, Fig. 107. There are several 
sets of muscles (8, 8) so attached to the ribs, that their 
contraction will raise them to a position nearly horizontal, 
and their extremities will be brought forward to the line 
3; 3 ; that iBf the transverse diameter of the thorax will 
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be increased. The sides of the thorax will then have the 
position 1, 5, Fig. 106, instead of 3, 4. At the same time 
the sternum will be thrown forward, so as to occupy the 



Hg. loy. 



Fig. lOS. 




1, 1 The ribe. 2, S The stern nm in 
the position which it takes in ex- 
pircUion. The .ribs are ral»»ed 
daring inspiration, eo that the 
stern am is broa^ht forward to 3, 
' 8. 4, 4 The spine. 8, 8 Mascles 
by which the ribs are raised at 
inspiration. 




Side View of the ^Thorax. 1 The 
cavity of the thorax. 3 The cavity 
of the abdf»men. 8 and 4 The dif- 
ferent positions of the ^iaphra^ In 
expiration and inspiration. 6,6 and 
7, 7 The different positions of the 
Btemiun and al>domen 



position 7, 7, Pig. 108, instead of 6, 6, which it does when 
the thorax is contracted. 

In ordinary respiration, the diaphragm is the principal 
agent" But in forced respiration, nearly all of the mus- 
cles of the neck, thorax, and abdomen are employed. 



'• Tliis action of the diaphragm is intimately connected with digestion. 
The depression of this muscle can take place only as the mascles of the 
abdomen are relaxed, to make room for the abdominal visoera : hence the 
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tS9. The eaaottnt of air received into the longs at each 
inspiration is aboiit one pint But this will yary at differ- 
ent times in the same individual. Thus, vigorous exercise 
induces much fuller inspirations than are needed when we 
are at rest The danger ordinarily is, that the amount 
will be below the wants of the system. This may result 
from the thorax being contracted naturally, or by the 
compression which it has received from the closeness with 
which clothes are worn, from the habit of sitting or walk- 
ing with the shoulders bent over and resting upon the 
thorax, or from a diseased condition of the lungs. 

260. Mental states also have an influence upon the 
amount of respiration. Depression of spirits diminishes 
the action of the respiratory muscles ; and hence the deep 
inspirations (sighing) to which such persons are accus- 



ftiffienlty of breathing after a hearty dinner, when all of the relaxation 
of the muscles is required to make room for the distension of the stomach. 
The diaphragm rises in consequence of the contraction of the abdomi- 
nal muscles pressing the viscera upward against it. Thus, the process 
of respiration cannot be carried on at all without giving constantly to the 
stomach and intestines the motion upon which the digestive process in a 
{threat measure depends. 

. It should not be • inferred that ordinarily there is no elevation and de- 
pression of the ribs in respiration, for every person can see, by observing 
his own breathing, that there is. Still the object of this means of respi- 
ration seems specially designed to supply an extra amonnt, either when, 
irom active or fatiguing exercise, the system demands an increased influ- 
ence from res|)iration, or when, from the air being less pure, a greater 
amount is needed. . Hence, persons who receive a sufficient supply, when 
the air is pure, become faint on enterhig a crowded room, if they are so 
dressed that their respiration cannot, by the movement of the ribs, be in- 
creased. 

269. What amonnt of air is ordinarily received into the hmgs f Upon what 
doefi the vartatiun fhim this amoant depend f 

260. How do the states of mind affect the amoant of respiration f What is 
\\xe pbyeiulogy of yawning? 

9 
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tomed. Nature thus insists upon these deep inspirations 
occasionally, to prevent in part the evils which would 
otherwise ai'ise from the too limited amount of air which 
the lungs are receiving. 

Yawning is for a similar purpose* It generally occurs 
either in the morning, before the respiratory muscles have 
received the amount of stimulus which, in a waking state, 
they need, or at other times w\ien the body is sluggish and 
the respiratory action is feeble. It consists of an involun- 
tary, deep, and prolonged inspiration, in order to com- 
pletely fill the lungs, and furnish the necessary stimulus 
when a person is not disposed to secure it by active ex- 
ercise. 

261. The object for which air is introduced into the 
lungs is to supply oxygen to the blood. But if pure oxy- 
gen is breathed, the stimulus is too great. The atmosphere 
which has been provided for our use in respiration contains 
one-fifth of its volume of oxygen, and the most of the re- 
maining four-fifths is nitrogen, which, so far as is yet 
known, has no other end than to dilute the oxygen so as 
to adapt it to the purposes of the system. 

Assuming that the oxygen contained in a pint of air at 
the ordinary temperature, is the amount needed by the 
blood at each inspiration, it is obvious that when the air 
is reduced in volume by cold, a pint will contain more than 
we are supposed to need ; and when it becomes expanded 
by a high temperature, it will contain less. The quantity 
of oxygen received into the lun^ may vary from this 
cause by as much as one-fourth of the whole amount 

As the consumption of oxygen is connected with the 
development of the vital force, we see in this a reason 

261. For what parpOBe is the air received into the Innffp ? What is* the con- 
Btitation of atmospheric air ? To what extent may chanfres of temperatnre vary 
the amoant of oxysren inhaled ? Why la more enersry of the system experienced 
aud more animal heat developed in winter than in summer ? 
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"why we should, in winter, experience more elasticity of 
feeling, possess more energy, and be able to perform more 
labor. Vital heat is also developed in connection with the 
consumption of oxygen. As a larger amount of heat is 
needed by the system»in winter than in summer, it is a 
wise provision that a larger amount of oxygen is then 
necessarily inhaled. 

262. The air may lose, to some extent, its fitness for res- 
piration by being diluted with other substances, such, for 
instance, as watery vapor, but especially by carbonic acid. 

A very small proportion of carbonic acid, about a tenth 
of one per cent., always exists in the air, and does not ap- 
pear to be injurious ; but, in various ways, it is liable to 
accumulate in larger quantity, chiefly, however, by respi- 
ration. If, by means of a tube, we breathe into a trans- 
parent solution of lime, it will at once become milky, and 
a chalky substance will at length subside. This, like com- 
mon limestone or chalk, is carbonate of lime, of which the 
lime was dissolved in the water, and the carbonic acid 
must have come from the lungs. It is one of the essen- 
tial products of respiration. It is injurious, not simply 
because it dilutes the air, and thus diminishes the propor- 
tion of free oxygen, for even when oxygen is added arti- 
ficially, the presence of carbonic acid renders it detrimental. 
Four per cent, of this gas, which is about the proportion 
<;ontained in the air as it comes from the lungs, renders 
it highly injurious, and a much smaller proportion is un- 
doubtedly hurtful. In this fact principally consists the 
importance of proper ventilation of school-houses, work- 

262. How may the air lose, to some extent, its fltnees for res^piration ? Hovr 
is it ^bown that carbonic acid is exhaled from the Inngs ? What proportion of 
carbonic acid does the exhaled air contain ? Does the injury to the air fh)m the 
presence of carbonic acid arise from its reducing the amount of free oxygen ? 
Why should places in which many persons are likely to be collected be well ven* 
tliHled ? 
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shops, churches, halls for public meetings, and sleeping 
apartments/* 

263. The air is received into the air-cells (4, 4 pi. IV., 
Fig. 2) in the lungs, and the blood flows through the 
blood-vessels which are spread out over the surface of these 
cells. There is, therefore, a membranous partition between 
the blood and the air. Membrane is not, however, as was 
formerly supposed, impermeable to air, or even to liquids ; 
but some gaseous substances penetrate it much more 
readily than others. Oxygen, carbonic acid, and watery 
vapor are found to be of the first kind, while nitrogen 
scarcely passes through membrane at all. It follows that, 
when atmospheric air is received into the lungs, the oxy- 
gen will readily pass from the air-cells into the blood, 

^* The sleeping apartment has sometimes been warmed by setting a 
dish of burcing charcoal within it. The casualties arising fh)m this prac- 
tice have, it is hoped, put an end to it. It is obvious that it must be at- 
tended with great danger, for carbonic acid is rapidly given off from burn- 
ing charcoal, and the danger is increased from the fact that this gas tends 
to produce stupidity and sleep, and therefore furnishes to the individual 
no warning of its effects. 

The large fireplace and chimney of former times had its advantages ; 
for, with a good draught, the amount of air carried from a room by it 
was always sufficient to accomplish all of the purposes of ventilation. 

When the draught is imperfect, carbonic acid may be thrown from a 
grate of ignited coal into a room in such quantity as, without producing 
any smoke, to bring on headache, and make the air very nnwholesome. 

The use of air-tight stoves has this disadvantage, that they effect no 
change of air in a room. They can be safe only when the air is frequently 
changed by opening doors or windows. 

The objection to ventilation is, that in cold weather it introduces cold 
air, and with it exposure to cold. This objection is obviated in the use 
of furnaces. The air should be allowed to escape at the top of the room, 
and the air which b admitted is that upon which the warmth of the room 
depends. 

263. How does the oxygen re ^ch the blood In the lungs ? Why does not tha 
nitrogen albo enter tbe chxulatlon ? 
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while the nitrogen will be retained, and that carbonic acid 
and watery vapor will easily pass from the blood into the 
air-cells and be expired. 

264. There are about twenty respiratory movements in 
a minute, and one pint of atmospheric air is inhaled each 
time. One-fifth of the atmosphere is oxygen ; and it is 
found that about one-fourth of the oxygen, that is, one- 
twentieth of the whole amount of inspired air, disappears 
at each respiration, and nearly an equal volume of carbonic 
acid is supplied. By twenty respiratory movements, then, 
that is, every minute, a pint of oxygen is received into the 
circulation, and during the same time nine pints of blood 
(245) have circulated through the lungs. The blood, 
therefore, absorbs one-ninth of its volume of oxygen from 
the atmosphere* 

265. We may now inquire what are the changes in the 
constitution of the blood effected by respiration? We 
have seen that the blood which comes to the lungs has a 
dark-fed or purple color (243), and that when it goes from 
the lungs it has acquired a scarlet hue. In the lungs, the 
blood parts with carbonic acid and absorbs oxygen. These 
are all of the changes of importance known to occur ; and 
we migh't infer that in these changes consists the conver- 
sion of venous to arterial blood. We can, however, subject 
venous blood to more direct experiment, by taking it from 
the system and exposing it to the action of the atmosphere, 
under such circumstances as to exclude the influence of 

' other causes. It is still found to take the color of arterial 
blood, while oxygen is absorbed and carbonic acid is given 
off. The blood seems to undergo no change in chemical 

264. What proportion of its volame of oxygen does the blood take up? 
Give the calculation upon which this statement is made. 

2G5. What changes docs the blood undergo in the pulmonary capillaries by 
ret^p: ration ? How may the proof be given out of the body ? What changes tak9 
place in the nutritive capiUaries ? 
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constitution after leaving the pulmonary capillaries, till it 
reaches the nutritive capillaries, and none after it enters 
the veins till it reaches the lungs. Hence, the changes 
which take place in the nutritive capillaries must be ex- 
actly the reverse of those in the lungs ; that is, the blood 
must part with oxygen and absorb carbonic acid. 

366. The blood contains a small proportion of iron, 
amounting in the whole system to one or two ounces. 
This is found in the blood-cells. The most satisfactory 
explanation of these changes (which is, however, to a great 
extent hypothetical) consists in supposing that in the ar- 
terial blood the iron is in the state of a peroxide ; that is, 
it is combined with one equivalent and a half of oxygen. 
In its circulation through the nutritive capillaries it me^ts 
with carbon, with which half an equivalent of its oxygen 
combines, forming carbonic acid. The iron is then re- 
duced to the state of a protoxide. The carbonic acid 
combines with the protoxide, forming a carbonate of the 
protoxide of iron. This carbonate gives to the blood its* 
venous character, and as such it leaves the capillaries and 
enters the veins. When the blood reaches the lungs, the 
oxygen there received decomposes this carbonate, sets the 
carbonic acid free, which escapes in respiration, and com- 
hines with the iron, restoring it again to the state of a 
peroxide. If this view is correct, the oflSce of the blood- 
cells is that of carriera, distributing the oxygen from the 
lungs to every part of the body to which the circulating 
fluid is sent, and gathering up the refuse carbon and con- 
veying it to the lungs to be eliminated. 

267. It remains to determine the purposes for which 
these changes take place. 

266. Give the changes which are supposed to take place in the blood-cells. 

267. What is meant hy the vital force ? Why can this not be considered as 
Bome other known force (as electricity, for example) acting to prevent the chemi- 
cal chan>!^s ? 
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The nutritions substances are highly complex com- 
pounds, such as are produced only by the processes of 
vegetable life, and are held together by a very feeble 
affinity. Whenever they become deprived of life, decom- 
position at once begins. We see this in the spontaneous 
decay of meats, fruits, vegetables, and even wood. But as 
long as they possess vitality, there is a power which resists 
this tendency to decay. We cannot make use of any other 
known power, such as heat, electricity, cohesion, or gravi- 
tation, to produce these results. We therefore give it a 
distinct designation — the vital force. 

268. We have seen that, at short intervals, a certain 
amount of nutritious substance must be supplied to the 
blood. Before it enters the system, it is identical in com- 
position with living tissue." It therefore brings into the 
system the force by which it retains its complex composi- 
tion. It passes without change of chemical constitution 
through the digestive apparatus, and through the organs 
of circulation. In the nutritive capillaries, it is simply 
removed from the circulation and incorporated into mus- 
cular and other tissues. The first change in the consti- 
tution of the nutritious substance takes place in the nu- 
tritive capillaries, by the combination of the oxygen which 
the blood-cells convey with the carbon of the living tissues. 
We must conclude, then, that this current of oxygen which 
enters the system by respiration, has for its object the 
decomposition (the destruction of vitality) of parts of the 
living body. 

■'^ It is not intended to convey the idea that the several tissues, such as 
muscle, membrane, cartilage, nerve, and brain, are identical in composi- 
tion ; but so nearly identical that, in order to give a correct general view of 
the several vital processes, they may be so considered. 

268. What change ie effected in the nutritive capillaries by the oxygen of the 
. blood -cells ? How does the vital force become available? How is it used? 
What part of it can be employed in voluntary effort ? 
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But when tiiifl decomposition takeg place, it liberaftes the 
vital force by which the combination was before retained. 
And this force, no longer employed in the service of the 
nutritions substance, now becomes available for other 
purposes. The system claims the involuntary motions, 
such as those of nutrition, respiration, digestion, the oon^ 
traction of the heart, etc. ; and the brain controls and 
appropriates enough force for this purpose, whether we 
assent to it or noL The surplus of this force we are at 
liberty to emjdoy in thought, exercise, labor, etc, at our 
option. This is a man's physical strength. 

269. This explanation of the mechanical power of the 
system is in accordance with all of the known &cts which 
bear upon it. 

Thus, if a person breathes impure air, or has a con- 
tracted chest, so that but a limited amount of oxygen is 
inhaled, but little tissue can be decomposed, and his mus- 
cular powers are in the same proportion enfeebled. 

If a person be confintid to a scanty diet, but little living 
tissue will be formed. But little, therefore, can be decom*- 
pjsed, and his ability to perform physical labor is corre- 
spondingly reduced. 

When a person puts forth an extraordinary degree of 
muscular effort, a large amount of decomposition must 
tiike place, and a large amount of nutrition is required. 
Hence it is, that whenever an unusual amount of muscu- 
lar effort is demanded, the respiratory effort is increased, 
and the amount of air inhaled is increased two or three 
fold. The immediate effect is the increased decomposition 
of living tissue and the increased supply of physical power. 

269. What ie the effect of limited supply of oxygen, and why ? What of lim- 
ited rapply of food, and why ? "What conditions are necessary where great mus- 
cular effort is required ? What is the effect of rapid growth upon the strength^ 
And why? la what 4x»«ists the demand for sleep ? How does vitality cease firom 
rtarvation t 
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A- large amount of nutriment may be taken into the 
ejst&m, but may be used principally to promote growth. 
As there is but a small proportion of it decomposed, there 
is but little muscular power or ability to endure fatigue. 

It would seem that the system is incapable of renewing 
these tissues as rapidly as they are decomposed by the sys- 
tem in an active condition. Hence it is made necessary 
ihat most of the mechanical functions should be periodically 
suspended, and respiration become less active. This is 
.tiie period of sleep, and only so much mechanical force 
is employed as is necessary to cany on the circulation and 
reconstruct the tissues in which tiie decomposition waa 
becoming excessive. 

When the decomposition of tissne goes on, and furnisher 
the force necessary to perfcwm the vital functions, and there 
is no supply of food from which new tissue can be formed, 
extreme emaciation takes place. When there is no tissue 
left which is capable of decomposition, the vital force can 
jio longer be developed, and life no longer exist; such is 
death by starvation. 'p 

270. We have seen that one effect of the combination of 
oxygen with these tissues is, to convert the vital force into 
available mechanical force. Another effect must be the 
devE^lopment of heat. The changes are as strictly a com- 
bustion as if they took place in the open air — of precisely 
the same nature as the combustion of ordinary fuel. They 
consist essentially in the combination of oxygen and car- 
bon ; and it is one of the necessary results of this combi- 
nation to generate h^at. 

In ordinary combustion carbon is supplied in the form 
of wood or coal ; the oxygen is derived from the air ; car- 

270. What other effect heeldes the development of vital force resnlts from 
these chemical change? ? Compare' theec chants with ordinary combuBtioo. 
How U t'.io amount of hen t llmitecl ? V>T\cro is it proiluced ? 
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bonic acid is formed and removed by the current of air ; 
a residual asli of earthy matter with which oxygen will not 
combine is left, and heat is evolved. Within the system, 
the fuel is the living tissue, the oxygen is furnished by the 
red blood-cells ; carbonic acid is produced by the combin > 
tion, removed by the venous blood, and at length exhaled 
from the lungs ; a residual substance with which oxygen 
will not combine is dissolved in the blood, but finally re-r 
moved by the action of the kidneys, and heat is evolved. 

The amount of heat evolved must be in exact propor-^ 
tion to the carbon consumed, and depends, therefore, upon 
the amount of oxygen inhaled. The heat will be evolved, 
not in the lungs particularly, but in every part of the sys- 
tem to which the oxygen is carried by the blood-cells. 

271. We have thus far spoken of the food as composed 
of nutritious substances; that is, of substances which are 
identical in composition with the tissues of the body, and 
which, in order to effect the nutrition of the system, need 
only be rendered soluble by the digestive process, intro- 
duced into the circulating fluid, and appropriated to the 
repairs and growth of the several parts. All of these sub- 
stances consist essentially of four elements — oxygen, hydro- 
gen, carbon, and nitrogen.*' They are called* the ele- 
ments of nutrition, or, as they are characterized by 
containing nitrogen, they may be called the nitrogenized 
constituents of the food. 

The flesh of animals, cheese, and eggs consist almost 



^' There are various other substances, such as soda, potassa, lime, phos- 
phorus, sulphur, and iron, in very smaU quantities, in the elements of 
nutrition. 

271. What are the two kinds of food ? What is the relation of the elements 
of nutrition to the living tissues ? What is their composition ? How are they 
- ch nracterized ? What are examples of this kind of food ? What do the elements 
of nutrition accomplish In the system ? 
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entirely of these elements. The albuminous vegetables, 
such as beans, peas, etc., and the gluten of wheat and 
other grains, contain them in large proportion. Most other 
vegetable substances — the grasses, roots, etc. — contain 
them, but in smaller proportion. 

The living tissues are built up from these elements, 
and by the decomposition of these tissues and their elim- 
ination, the forces of the system and animal heat are de- 
veloped. 

272. If the amount of heat required were in all cases 
exactly proportioned to the vital force required, and if the 
oxygen present were no more than sufficient to combine 
with the tissues for the production of this force, there 
would be no occasion for any other kinds of food. This, 
however, is by no means the case. A part of the year we 
are surrounded by a temperature little inferior to that of 
the body. But little animal heat is lost, and the supply 
required is very small, though the amount of vital force 
required be considerable. In the winter season the radia- 
tion of heat from the body is very rapid ; and, in order to 
sustain the requisite temperature, heat must be rapidly de- 
veloped by the system, even though but little vital force 
is needed. Moreover, if there were an excess of oxygen 
in the circulation, it would probably continue to combine 
with the living tissue, and produce emaciation and disease. 

^ence the necessity of food which has a composition so 
different from living tissues that it cannot become a part 
of them. Of this description are the oils, the fat of ani- 
mals, sugar, starch, and all of the saccharine and farina- 
ceous parts of the grains, roots, grasses, and whatever 
vegetable substances are ever used as food. They are 

272. Under what circumetanceB may we Boppo«e no other kinds of food woald 
be necec^ary ? What are the circametances which render another kind of food 
necessary ? What are instances of this second kind ? What is their composi- 
tionr What arQ they called f How are they ciimi&atsdftonL the system? 
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composed of oxygea, hydix^en, and carbon, but contain no 
nitrogen, and are called the elements of respiration. 

The oxygen and enough of the hydrogen to constitute 
water, will not affect the temperature of the body. The 
excess of the hydrogen and the whole of the carbon may 
combine with the oxygen of the inspired air. This com- 
bination must develop beat in proportion to the amount 
consumed. The products, after combination, are only car- 
bonic acid and water, both of which are given off in large 
quantity by the lungs. 

2IS. It follows, in the first place, from the different pur- 
poses to which the elements of nutrition and those of 
respiration ai'e subservient, that all persons, and in all 
circumstances, require some food which contains the ele- 
ments of nutrition, and that persons of sedentai'y habits 
Heed less of these elements than those whose occupations 
require the exertion of more physical force. 

Secondly. The kind and amount of fbod should vary 
with the season and the climate. The inhabitants of warm 
climates eat less than those of cold, both because they 
need to develop less animal heat, and because they put 
forth less physical effort Every person needs more of the 
elements of respiration in his food in winter than in sum- 
mer. In the extreme northern regions, the inhabitants 
consume large quantities of fat, oil, and other substances 
which contain no nitrogen, but which are; rich in carbon.'^ 

^^ With persons who indulge in free living, and who exercise but little^ 
the oxygen received into the system is insufficient to consume entirely the 
carbon which belongs to the tissues, offered for decomposition. These 
tissues are decomposed, but the residuum is a nitrogen compound contain- 

273. Why do all penions need the •lements of natritiou f Do fedentary or 
active per^oofl need the ino8t, and why f From what etonrcep, animal or vege- 
table, are these to be obtained ? What effect should the ^aKins have In the 
election of food t Why la 1ee>ii food needed in warm dimates ? What is the 
character of the l6od among the Inbalittants of the pokyr regionis and wbgr 7 
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If there is an excess of these elements of respiration in 
the system^ it is deposited in the form of ta,V^ 



CHAPTER IV.— OP ABSORPTION. 

274. The lacteals are a part of the absorbent system^ 
designed for the absorption of the chyle from the small 
intestine, and have been described in connection with the 
subject of digestion. 

275. The veins are also absorbents. Most of the ab- 
sorption of the system is undoubtedly performed by them ; 
fbr the sixty gallons of blood which they return to the 
beart^yery hour is sufficiently charged with abso]i)ed mat- 
ter to change sensibly its properties. It is one special 
function of the veins to absorb from the stomach the nit- 
rogenized dements of the food. Another office of the 
veins, as absorbents, is to take up the waste products oc- 
casioned by the decomposition of the living tissues. 

^16. There is a third class of absorbents, called lym- 
phatic vessels. (Figs. 109, 110, 111.) They commence 
by a network of exceedingly minute tubes in all parts of the 



ing an excess of carbon, and in conseqnence becomes insolnble. It often 
accumulates in the bladder as stone or gravel, and can be removed only 
"bv surgical operations. 

^' Advantage is taken of this in the fattening of domestic animals. 
They are furnished with an abundance of such food as is readily trans- 
formed into fat : that is, of the elements of respiration. To secure these 
elements from being removed by respiration, every precaution is taken to 
diminish the quantity of oxygen received into the system, by preventing 
•exercise, and by guarding them against exposure to a low temperatnre. 

Chapter IV.— 1^74. What is the oflBce of the lacteals t 

875. What is the office of the veiuet, a? absorbents ? 

2741. What is the third claM of abtorhento ? Describe thoBU 
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Fig. 109. 



A Lymphatic Vessel, m»^^n^ 

surface of the true skin, and of all the free surfaces, such as 
the membranes which invest the brain^ and the serous 

Kg. 110. 




A Lympluitlc Veaeel laid open to show the valves. 

membranes generally, the mucous and synovial membranes, 
the surface of the eye, and the interior surfS^ce of the arteries 

Fig. 111. < 




Lymphatic VesBels passing through glands. 

and veins. The network of these is so close (Fig. 112) 
that when injected, the surface looks like a pellicle of 
Fiv. 1 1 2. quicksilver. As they leave the 

surfaces in which they origin- 
ate, they are still slender tubes, 
but abundantly supplied with 
valves, occasionally passing 
through glands, and, though 
not uniting into large- tubes 
A Plexus of Lymphatic Vessels in the like the veins, they Converge 
' ™**''° ' toward the centre of the sys- 

tem, and finally unite in the thoracic duct. (Fig. 113.) 
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277. In all parts of the body there are substances which 
have performed the offices for which they were intended, 
and, being no longer useful, require removal. Of this na- 
ture are the secretions within the joints, thorax, abdomen, 
and cranium. In like manner, particles of the body, 
either from its ordinary motions or from accident, as in 
case of bruises, extravasation of blood, etc., are continually 
losing their vitality, and need to be removed. The re- 
moval of such substances seems to be specially the duty of 
the h mphatic vessels. 

278. These vessels are found to contain a liquid gener- 
ally colorless and somewhat resembling the serum of the 
blood. It is mingled with the chyle in the thoracic duct, 
by which this m xed fluid is conveyed into the blood. 
Thus every substance which has once been used, as the 
synovia or any of the lubricating fluids, but which is ca- 
pable of being appropriated again, is returned to the cir- 
culation for that purpose. Whatever is incapable of such 
use will be separated from the blood by some secreting 
process. 

279. Several conditions of the body depend on the ac- 
tivity or inactivity of this system. 

When the absorbents of the head, thorax, abdomen, 
pericardium, or joints fail to absorb the fluids secreted 
into their cavities, dropsy occurs in those parts. 

When the quantity of refuse matter in any part of the 
body is greater than the absorbents can remove, a tumor 
is formed, which increases in size till it opens a passage 
to the surface and the vitiated matter is discharged. 

277. What ^ubstAncoB are they intended to abBorb ? 

278. De.<^cribe the fluid which they convey. What is the object of returning 
it into the blood ? 

279. What ie the effect when the abBorbents of the doeed cavities become 
inactiye t Wliat is the result when the relUse matter becomes considerable ? 
What are eruptive diseases ? 
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Eraptive diseases eonsist in tbe deposition of snch mat- 
ter Bear the soriace «f tbe body as the iy[>sorbexit8 will not 
act upon. 

280. These vessels, though theyjdo not reach through the 
cuticle, are jet capable of taking up substances which 
exist on tlie sur&ce and conTeying them into the blood. 
Unguents, poisons, and contagious niiamna, as w^ as mois- 
ture and liquid nutriment, are sonietimes in tiiis way con- 
Teyed into the circulation. Sefuse and unwholesome 
matter is constantly thrown from the system by perspira- 
tion, and, if not removed by frequent ablution^ wiU be re- 
absorbed and tend to genemte diseoaeu 



CHAPTEB V.-OF SECRETION. 

, 281. The secretions of the system have several objects. 
There is one kind of secretion the object of which is to 
lay up in store substances which the system may afterward 
need.. The adipose, matter, the fat of the sjrstem, is such 
a substance. It comes from the elements of respiration. 
When there is a residuum not needed at the time it is fur- 
nished, it is deposited in the cells of the loose cellular tissue, 
for the purpose of being removed whenever the condition 
of the system is such as to need a larger supply of animal 
heat than the daily supply of food will produce. It is this 
store of fat which enables hybemating animals to sustain 
a feeble respiration during the whole winter without taking 
food at all. 

use. What rabfftancM are absorbed by tbeM veMelt ft-om the Mirfiwe f 
eiiapter T*— S8 1 . What 1« the object of the nccretloB of flut ? What la tfae 
•ecood kind secretion ? The third ? The fourth.? 
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A second class of secretions is designed to acoomplish 
particular objects in the system. When these are aceom^ 
plished, the secretion is again returned to the circulation. 
Bnch are the secretions from the serous and some of the 
inncous membranes. 

A third class of secretions are also designed to accom- 
plish special purposes in the system, bnt having accom- 
plished these purposes, are of no further use. Such are 
the tears, the ear-wax, and the perspiration. 

A fourth kind, of which the urine is perhaps the only 
example, has no other known object except the separation 
of refuse matter from the bloody and the rejection of it 
from the system. 

282. The nature of the secretliig process ia not 
Understood. It has, by some, been regarded as a chemical 
process, by others as a mere filtering process. But the facts 
are inexplicable on either theory. We may consider it as 
a separation of substances from the system, so controlled 
by the vital foFce as to make the selection always the one 
required, just as the proper selection is made of the mate- 
rials for the growth and repair of the several parts of the 
body." 

283. The organs of secretion are of two kinds — surface* 
and glands. Secretion takes place from all the surfaces 
of the body. 



^» An explanation of this process on physical principles would seem to 
be impossible ; it obviously involves something more than mere physical 
agency. There is choice, a function of mind, the work of a thinking 
Bein^ ; and yet oar thmkiag powers have no control over it. This Being, 
pnr Divine Protector, exercises this choice for us without cessation* and in 
all parts of the body. Otherwise our life must cease at once. 

282. What iB the nature of the pecreting process ? 

283. How many kinds of secreting organs are there f How are the closed 
enYities Inbricated ? What is the secretion fh>m the several parts of the aUmeM> 
ary caual ? What is the secretlou from the longs t ^ 



Digitized by 



Google 



210 OF SECRETION. 

The lining membranes of all the closed cavities, such 
as the joints, thorax, abdomen, cranium, and pericardium, 
secrete fluids to lubricate them. 

The membranes which line the nasal cavities, the mouth, 
pharynx, and esophagus, and the intestines, secrete a mu- 
cous substance for the lubrication and protection of these 
organs. The internal surface of the stomach is a mucous 
surface, but the object of its secretion is particularly the 
digestion of food. 

The internal surface of the lungs secretes carbonic acid 
and watery vapor. Perhaps this ought to be regarded rather 
as transmission of these gases, for the surfaces seem to have 
no more agency in the process than lifeless membrane. 

284. The tkin famishes two kinds of secretion, one 
from follicles and one from perspiratory tubes. The fol- 
licles (Fig. 114) are small cavities situated 
^' ' in the substance of the true skin, and 
• opening at the surface by narrow orifices. 

2s-^ They are found in all parts of the surface, 

^ but are most abundant in the arm-pits, the 

pound*Ponicie»i groins, and on the face and nose. They 
™*^'" furnish an unctuous secretion, which serves 

to soften the cuticle, and probably to prevent it from being 
affected by the dryness or moisture of the atmosphere." 
They are large on the edges of the eyelids, and the oily 
secretion probably prevents the lachrymal fluid from es- 
caping externally." They are also abundant in the ear, 
and produce the ear-wax. 

"* The orifices of the follicles are apt to become closed, and the secretion 
within the enlarged opening becomes hardened, producing a black speck; 
the contents of the follicle can be removed by pressure. These sabstances, 
from their form and hardness, have been called " worms." 

** The inflammation of these follicles constitutes the " sty." 

)i84. Describe the follicles imd their secretionSf and their use. 
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Fior. 115. 



Follicles ate also found in the mncons Burfaces ; but the 
secretions from them are like the secretions from the sur- 
faces in which they are situated. 

tS5, The most important action of the skin is that of 
perspiration. This function is performed by small 
tubes, which commence below 
the true skin in the perspira- 
tory glands {g, g, Fig. 115). 
These tubes pass by a spiral 
course through the true skin 
and cuticle to the surface. The 
orifices of these tubes are, in 
popular language, the pores of 
the skin. They are very nu- 
merous, amounting in some 
parts of the surface to several 
thousands upon a square inch. 

286. One office of these tubes 
is to remove a certain amount 
of refuse substance from the 
system. It is generally in the section oi the skin of the Fingrer, 

- - . .,, . ,. inaL'iiiflt''i fourteen Timet* iig thick- 
form of insensible perspiration, n^HH. <7, a The perspiratorj- glands, 
. , . . « 1 • 1 • piruated in the cellular tii«i*ne, /, 
that IS, of vapor, which is con- below the t-kln. k, A The perewi- 
, . 1, ' i» Hi ratoiy tiibcn. (ta^pln^ through tne 
tmually escaping from all parts several layer/ of the hkin. and 
A J 1 i* u i. • opening upon the eurlkce, i, i. 

of the surface; but m warm *'*»*- 
weather, or during severe exercise, it is abundant enough 
to appear as moisture on the skin, and sometimes in drops. 
The perspiration consists of water slightly charged with 
saline ingredients. The amount of daily perspiration must 
be exceedingly variable ; but it is probably about one-fourth 
of the weight of the solid and liquid substances which we 
take into the stomach. 

285. Describe the perspiratory apparatne. 

286. What \» their office f How does the perspiration appear ? How mach is 
eliminated in this way ? 
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287. Another important office of perspiration is its in- 
flnenoe np<m tiie temperature of the system. We have 
seen that heat is produced by the combustion of the carbon 
of the decomposed tissues, and that provision is made for 
increasing it by furnishing certain kinds of food which 
have no other object But we often need the means of 
also reducing the heat. We may often be surrounded by 
a temperature equal, or nearjy equal, to that of the system. 
Heat will continue to be generated, but there will be none 
radiated. It is the office of perspiration to effect its re- 
moval. Water, at the temperature of the body, must 
absorb eleven hundred degrees of heat in order to be- 
oonie vapor. For every ounce, therefore, of water given 
off in a state of vapor by perspiration, enough heat has 
been taken from the system to heat seventy pounds of 
water one degree. The apparatus of perspiration has 
thence the power of abstrading heat with great rapidity ; 
and as the temperature rises, the rapidity of perspiration 
increases.. So complete is this protection, that a person 
may remain for half an hour in an oven sufficiently heated 

:to cook his dinner and not be injured, provided his per- 
spiratory system be in a state of great activity." 

288. The follicular secretions are not of a nature to be 



^ It is scarcely credible that the human system can. endure a tempera- 
ture so high as, in perfectly well authenticated cases, it is known to have 
endured. Sir Charles Blagden and others exposed themselves to a tem- 
perature of 260"*, that is, about 50" above the temperature of boiling water, 
without injury. Chantrey, the sculptor, often entered his drying-rooms 
when they were at a temperature of more than 300°. It hns been said 
that ovens heated to a temperature of 600° have been entered by some of 
the famous fire-kings, without injury ; but the accuracy of these statements 
may be doubted. 

•187. What other office has perspiration * Why is this neceeeary ? How does 
it accomplish this object ? 
. 388. Why is frequent ablation necessary ? By what ajMold we be govemod 
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evaporated, and the saline ingredieirts of the perspiration 
are also lefb on the surface. In order that these substances 
may not obstruct the pores of the skin, and that they be 
not absorbed by the lymphatic vessels, it is important that 
the entire surface be washed daily with water and soap, or 
some other similar detergent The method may be by the 
water bath, vapor bath, by showering or sponging, accord- 
ing to the convenience of each individual. 

Experience must teach us whether wami or cold water 
should^ be used. If there is a healthy and vigorous reac- 
tion after using cold water, then that is to be preferred 
If the surface becomes shrivelled and pallid by the use 
of it, then warm water is better. And in all cases suffi- 
cient friction Upon the surface should be produced by the 
towel or flesh-brush, to restore an energetic circulation. 

Lastly. The clothing and exercise should always be 
such as to preserve the requisite warmth and keep open 
and active the perspiratory orifices. -^ 

289. Secretion from glands. Most of these secre- 
tions are subservient to other functions, and have already 
been described. The principal of these secretions are from 
the lachrymal and salivary glands, and from the liver and 
pancreas. 

290. The kidneys (Pig. 116) are two large glands situ- 
ated in the lower part of the abdomen, one on each side 
of the spine. They receive a very large supply of blood, 
and secrete from it the urine, which is conveyed by the 
ureters to the bladder, and is thence expelled from the 
system. 

The importance of this secretion consists in the fact 



in selecting warm or cold water ? What conditions besides cleanliness are ne- 
cessary to the healthtal action of the perspiratory system f 

989. What glands have been before described ? 

1190. Describe the kidneys. In what respect are they Important f 
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F%. 116. 




Section of the Kidney. 

that it is the only one by which certain substances can be 
eliminated. The urea, that is, the solid portion, which re- 
mains when urine is evaporated, is derived from the de- 
composition of the tissues, muscle, cartilage, etc. It is the 
nitrogenized compound left when the oxygen of the blood- 
cells has combined with most of the carbon. For the sepa- 
ration of this substance from the blood there is no other 
provision but the kidneys ; and if it were not removed, the 
blood would very soon be incapable of carrying on the 
functions of nutrition. 

291. In addition to the glands above named, there is the 
spleen, situated at the left of the stomach, the office of 
which is supposed to be to receive the blood, during the 
intervals between digestion, which the stomach receives 
while digestion is going on, and thus the constant and in- 



291 . VThat is the Fitoation and use of the spleen ? Of the thymus and thyroid 
glaads? 
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jurious accumulation of the gastric juice is prevented. 
There are also the thymus and thyroid glands, situ- 
ated in the neck, which are subservient to infantile life, 
probably by receiving and returning the blood which in 
maturer life is sent to the brain. 

292. The healthy action of the secreting organs is of 
the utmost importance. If the urine is not secreted, the 
blood is soon poisoned. When this secretion is too copious 
it becomes a dangerous disease. If the gastric juice is de- 
ficient, digestion ceases. Upon derangement of the biliary 
secretion arise some of the most formidable diseases. If 
the synovia is not secreted, the joints become immovable, 
etc. 

293. It is also important to observe that there is an in- 
timate sympathy between several of the secreting organs, 
especially the skin, mucous membrane of the nose, the 
intestines, the lungs, and the kidneys. If the action of 
one is interfered with, its oflSce is assumed by another. 
Thus in cold weather, and especially if a person is not 
suflSciently protected during sleep, the pores of the skin 
become contracted and inactive, and the urinary secretion 
is increased. But the sudden contraction of these pores 
by a draft of air checks the perspiration, and determines 
either an increased action of the mucous membrane of the 
nose, when we have a cold in the head, or the extra labor 
is thrown upon the respiratory organs, and we have a cold 
upon the lungs, or the mucous membrane of the intestines 
becomes active to excess, and results in diarrhoea 
dysentery. 

When the surface of the lungs becomes diseased, or 
bronchial tubes become obstructed so that less oxygen is 

29a. UluBtrate the importance of the healthy action of the eeereting organs. 
293. Give instances of the sympathy existing between the secreting orgaaai 
How shoald this transfer of fonctions be regarded f 
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taken up by the lungs, tbe amount of carbon consumed 
in the system k too small, and an excess is therefore con- 
taiued in the residuum which it is the office of tbe kidneys 
to remove. But with an excess of carbon this residuum 
is but slightly soluble. Hence, the urine secreted when 
there is a cdd upon the lungs is highly colored, and upon 
cooling deposits a liiiick sediment* This insoluble sub- 
stance may be secreted so rapidly that it collects in a solid 
form in the bladder. 

This transfer of functions is a condition of disease; but 
it is the effort of nature to relieve us from still greater 
danger. The diseased action of the lungs, nasal cavities, 
or intestines is less injurious than it would be to have in 
4he system the substance which should have been excreted 
by the skin. It would, therefore, be unwise to attempt to 
check this disease directly. Allow it to continue to per- 
form, in place of the skin, a service which is necessary to 
the general health of the system, and remove the disease 
only by re-establishing that function which has been sus- 
pended. 



CHAPTER VL— HYGIENE. 



294. Most of the principles and rules in regard to the 
preservation of health have already been stated in con- 
nection with the general subjects from which they arise, 
but it has been thought best to bring them into a more 
compact form. It may, then, be stated that the body is 
a mechanism, and, as such, must, with use^ wear out. 
Such statement has been objected to on the ground of the 
perfectness of the repairing system ; but it may weU be 

Cbapter VI.— 294. W)iy is ib» body subject to wear f Are repairs ever 
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doubted whether repairs are erer perfect Certain it is 
that all eerere injuries, eren when oured^ are in a less per- 
fect state than the same part was before the injury oc- 
curred. A wound never so heals as to leave uo scar. A 
broken bone adheres completely, but rheumatism will select 
the place of fracture in preference to any other; so that 
death really begins as soon as we begin to live. Yet it is 
not improbable that the threescore years and ten might 
always be attained if no accidents were to intervene and 
if the laws of health were never violated. 

It is the business of hygiene to state, as &r as they are 
known, what these laws of health are. It is not, how- 
ever, to be inferred that we should never be sick if we 
observed exactly these laws. It is probable that many 
diseases have been inherited ; that is, diseases have been 
induced by infraction of hygienic laws on the part of those 
from whom we have descended, and these diseases have be- 
come so ingrafted into our systems that our natures are 
really tainted. Those singular diseases of which we can 
have but one attack, like whooping-cough, are probably the 
result of some poison fixed in the system by habits of diet 
or of life not at the time known to be hurtful. We know 
not how much of the seeds of disease we inherit, tending 
in some instances to specific disease, sometimes only to less 
perfect general constitution. 

Still this deteriomtion has not gone so far but that a 
prop^ observance of hygienic rules will dispose us to a 
healthy state, and in most cases secure us against disease. 
Our ailments are always aggravated by indiscretions, and 
in a large proportion of cases produced by them. 



perfect ? What i>* the nbject of hygiene ? Why does not the observance of 
hytfienic rulet* iuvtuiaUly secare n» asrainat disease * Can disease be inherited ? 
Are hyerienic mieii still nseftil ? How cAn we affect our health? Does hygiene 
propose lo cure dii*ctu«e t 

10 
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We can afibct onr health principally ttirongh the repair- 
ing syatem. Hence the rules of health must be based on 
the nature and use of this system. The means to be em- 
ployed may be either external or internal, but they are not 
Curative means. These the physician only should use when 
disease has been induced. It is the office of hygiene to 
teach us how to use these organs so as to prevent the occur- 
rence of disease. 

2ftS. Cleanliness. — Most of the pursuits of life soil the 
hands and even the face, and frequent washing is necessary 
as a question of decency ; but general washing of the body 
becomes necessary also as a question of health. The perr 
spiratory tubes and follicles discharge probably half of the 
excreted matter of the system. It is mostly water, but 
there is some saline ingredient and some oleaginous, both 
of which, as they do not evaporate, remain on the surface. 
Besides, the extreme outer portion of the cuticle is always 
separating in the form of minute flakes, which, however, 
continue to adhere to the cuticle. All these substances 
tend to choke up the excretory openings, and prevent them 
from effecting that relief to the system for which they were 
intended. 

It is obvious, then, that frequent, perhaps daily, ablu- 
tions are necessary. Bathing should be resorted to if pos- 
sible, but the shower-bath or washing may be substituted, 
always with the use of soap — ^soap and civilization are in- 
separable. After the use of water, the surface should bo 
rapidly dried with a towel, and friction enough applied 
with a flesh-brush or coarse towel to establish a vigorous 
surface circulation and a general feeling of warmth and 
comfort. 



295. Wtaftt tB the flret law of health r Why is washing necesBary ? What 
fihould ftdlow washing or bathing ? 
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296. Exercise. — ^In a large proportion of the forms of 
human pureuit there is bodily activity enough for main- 
taining the health of the several organs. But some of 
these forms, while they are useful and even laborious, give 
exercise to only a small proportion of the organs. Thus 
the seamstress uses only the hands, the student only the 
brain, the accountant only the brain and hand. It bcr 
comes necessary that some kinds of exercise be resorted to 
which have no other real object than the exercise itself. If, 
however, some other interest can be connected with it, as 
ball, boating, riding on horseback, or gymnastic feats, still 
salutary exercise is secured. Some less exciting occupap 
tion, as walking or hand-labor, will, however, if entered 
upon with a cheerful mind, be of equal service. 

It should, however, be borne in mind by all persons who 
follow sedentary pursuits that active exercise is essential 
to the maintenance of the constitution unimpaired. Phys- 
ical activity is a necessary condition of physical health. 
Such activity induces a greater amount of respiration, 
more action of all of the muscles of the chest and abdo- 
men. The action of the heart is increased, and thus the 
circulation is augmented. With this increased respiration 
and circulation all of the powers are stimulated, digestion 
is promoted, muscular strength is increased, and mental 
activity is encouraged. The exercise should, then, be con- 
tinued till this energetic circulation is established, generally 
till sensible perspiration begins to appear. 

297. Dress. — The inferior animals are furnished, either 
by their instincts or by special variations of clothing ac- 
cording to the season, with protection against injury fron^ 



296. What le the e>econd condition of health ? Why is exercise beyond ordl^ 
nary labor necessary ? What kind of exercise Is required ? What is the effect 
of exercise ? How long shonld it be continued ? 

207. What is the object of clothing ? Upon what does the warmth of clothing 
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variations of temperature. In our species this protection 
IS left to our reason. The object of clothing is, in winter 
to prevent the escape of the heat which the system fur- 
nishes, and in summer to favor its escape. The warmth 
of clothing depends on the non-conducting power which 
it possesses, either from its own nature or from the stratum 
t)f non-conducting air which, by its porous structure, it 
imprisons. The coolness of clothing depends on the ra- 
pidity with which it conducts away the heat which the 
system furnishes. Hence woollen fabrics are the best for 
winter clothing, as they ars at all seasons for persons who, 
like operatives in a rolling-mill, need to shut out the ex- 
ijessive heat by which they are surrounded ; and linen or 
cotton fabrics furnish the cooler varieties of clothing. 

The lighter the clothing, consistent with the requisite 
warmth, the better. 

All parts of the body require this protection, and hence 
the habit of dressing, and especially of dressing children, 
so as to expose the arms and neck is objectionable. 

The adjustment of dress is as important as the material. 
The first condition of dress is protection, but this protec- 
tion should not be at the expense of any other requisite 
of health. Especially the clothes should not be permitted 
to restrict the free action of the lungs. The compression 
of the chest is one of the extreme evils in the modes of 
female dress, and men are not wholly exempt from blame 
in this respect. Similar objection rests against the retain- 
ing of clothes of men or women in place around the waist, 
without suspending them from the shoulders; also the 
close-fitting ribbon, or necktie, or cravat around the neck ; 



depend ? When is woollen clothing required ? VThen linen or cotton clothing ? 
What amount of clothing: Is nece^fary ? What parts may be witboat clotbin;? f 
What other condition benide^ warmth of clothing is necessary ? What iojurioua 
«flf»cu rv-suli from wron^j method.-^ of adjusllnj the clothiuj; ? 
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^nd that person will be a beneifector who can devise a 
means of keeping stockings in their place without the use 
of garters or elastics so close-fitting as to impede the cir- 
culation. 

298. Air. — The air contains about one-fifth of its volume 
of oxygen. The rest is nitrogen, except a very small pro- 
portion of carbonic acid and some watery vapor. In this 
condition it is the proper support of respiration. 

But it is liable to great deterioration. An injurious 
amount of carbonic acid is likely to accumulate by the 
process of respiration, which converts about one-fourth of 
the respired oxygen into carbonic acid. The combustion 
of gas, oil, or tallow in producing artificial light, must 
furnish a large amount of carbonic acid, enough to have a 
jierceptible influence on the purity of air in the room^ 
which we occupy in the evenings. Large rooms, with high 
walls and abundant ventilation, are the only protection 
against injuries from this cause. 

Several other forms of impurity often occur. Among 
these are the dust arising from various kinds of manufac- 
ture, poison from linseed oil and paints, and especially the 
excessive accumulations of watery vapor near masses of 
water where the air is confined by the walls of cellars and 
buildings, in narrow alleys, or in deep valleys shut out from 
the action of winds. 

But the greatest danger arises from poisonous miasma, 
often in quantity too small to be detected by chemical 
tests, but in suflftcient quantity to breed disease. One of 
the principal sources of this poison is decaying animal 
and vegetable matter. The remains of winter vegetables 
left in a cellar will generate it. Stagnant marshes in which 



298. What is the compoBition of the air ? What is the first source of dete- 
rioration mentioned ? How does the artificial light of rooms affect the air f 
What are some of the common sources of impurity ? What is the source of 
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the annual yegetation decays, will become covered with a 
green scum, and the whole region becomes offensive; and 
yet families will maintain a miserable existence in the im- 
mediate vicinity, with constant recurrence of chills and 
fever. Another and more poisonous miasma is generated 
in hospitals and sick-rooms. This is a necessary result of 
sickness, and is thrown off both from the surface and from 
the lungs. In many cases the poison is specific, and pro- 
duces the same diseases as those have from whom it 
emanates, as measles ; but often it has only a general de- 
pressing effect upon those who must be in attendance. 
The health must suffer, though active disease may or may 
not result. 

The general remedial agencies against these forms of 
poison must be found in the drainage of standing water, 
in removing decaying matter from the vicinity of human 
abodes, in the free use of disinfectants, such as charcoal or 
chlorine, and in sick-rooms, above everything else, abun- 
dant ventilation. Perhaps the free introduction of sun- 
light into sick-rooms will be found of value, not only as 
a disinfectant, but as a remedial agent much more effica- 
cious than has been supposed. 

299. Water may be regarded as a portion of our food, both 
because it is taken in so large quantity in the liquid state, 
and also because it forms so large a proportion of our 
solid food. It is the means of adjusting the temperature 
of the body, of eliminating the carbonic acid from the 
lungs, saline and oily sub8ta,nces through the skin, and the 
nitrogenized products of waste by the kidneys. 

The most important agency of watei* in the system de- 
pends on its great solvent power. But this property also 

greatest danger ? Why are sick-rooms the soarce of imparity to the air ? What 
are remedial agencies ? 
399. la water food ? What parpoBee does it accomplish ? Why ie water so 
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renders it liable to be frequently contaminated. The con- 
tamination may be only slight and its effects may be only 
slowly cumulative, unobservable perhaps for months, and 
then show themselyes in such forms of disease as are at 
once and obviously traceable to this source. Its work is 
imperceptibly slow, but the constitution is no less certainly 
undermined. 

The best water, that is, water containing the least for- 
eign matter, is rain-water. But water is never free from 
some foreign ingredients. Even when it has been subjected 
to natural distillation by being taken up into the atmosphere 
as vapor and condensed into clouds, and finally into rain 
and snow, it absorbs in its passage through the air oxygen, 
carbonic acid, and ammonia. These additions are not re- 
garded as hurtful. The water of springs and streams in 
granitic and other silicious geological formations, has nearly 
equal purity with rain-water. 

But the water that falls upon the surface of the earth 
where the formations are either alluvial or calcareous, re- 
appears as springs in which the water is highly charged 
with hurtful ingredients, mostly in the form of lime or 
magnesia. Waters of this kind are known in common 
language as " hard." Where hard water abounds, the taste 
of those who use it so adapts itself that the water is not 
disagreeable, but is greatly preferred to soft water ; yet it 
is, undoubtedly, to some extent, hurtful. It compels the 
system to take on an abnormal condition, and hence favors 
either directly the occurrence of some disease, as goitre* 
or it operates conjointly with other causes in inducing 
disease of the digestive organs. 



likely to be impure ? What water te the porent ? What impnrities doci rain- 
water contain f What l» the character of spriug-water in the regions of Kranlte 
n)cks ? Why i» the water obtained ftom calcareous regions impure ? What is 
this water called 1 Is it wholesome ? What ar^ the most injorious ingredients t 
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The BO-oalled mineral waters, containing in solution 
saline ingredients, sulphuretted hydrogen, etc^ are used 
only for their medicinal qualities, and need not here be 
considered. 

Deleterious ingredients of the more important class are 
of organic origin. Soils of every kind contain decaying 
animal and vegetable matters. Most of the springs front 
which wells are supplied must be fed from rain-water 
which has passed through such soils. The rocks through 
M'hich it has filtered have deprived the water of much of 
its impurity, but many wells, especially those of no great 
depth, contain traces of impurities which the surface-soil 
has imparted. But no precaution can prevent impurities 
both in the wells and in the rivers in the vicinity of large 
cities, where the refuse from manufacturing establishments 
and the contents of cesspools and sewers must be disposed 
of. Hence, the obtaining of water for cities from a dis- 
tance and from the purest sources is necessary to health, 
and all requisite expenditures, however great, are regarded 
as justifiable and imperative. 

SOO. Food. — ^It must be assumed that every form of food 
is in a good condition. Thus, meats should be from healthy 
animals, and free from the taint of incipient decomposi- 
ticMi ;- fruits should not be either unripe or over-ripe ; vege- 
tables should be fresh ; the cooking should be to that ex- 
tent most conducive to digestion ; butter should be free 
•from rancidity ; bread should be porous, sweet, well baked, 
and not entirely new, etc. 

As the object of food is to provide for the growth and 
supply the waste of the system, both the amount and kind 



Why iB well-water likely to be impare ? Why cannot the water of wells and 
riverts near lai^e cities be pare ? How is the evil to be remedied ? 

300. What are the requisites of ^ood food, as meats, fruits, etc. ? What 
ftmoout o£lbod is necessary before growth is completed ? How should the amount 
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Should be such as to meet these wants. Henee the amonnt, 
before fall growth is attained, should exceed the waste. 
Affcer growth is complete, the amount should vary with the 
occupation, increasing with the increase of our activities, 
in order to the continued production of force ; increasing 
also with the exposure to low temperatures, in order to 
supplement the reduced amount of external heat by a larger 
supply of vital heat 

The kind of food should also vary with our condition. 
Nitrogenized food, and considerable of it in the form of 
animal food, is required when much force is to be expended. 
Eespiratory food is required in cold weather ; and in high 
latitudes or where there is great exposure, it should be in 
large quantity and in the most concentl*ated form, that is, 
in the form of animal fats. In a mild or warm tempera- 
ture, where little effort is called for, a vegetable diet will 
best meet the wants of the system. 

Any kind of food long persisted in, however suitable it 
may be in all other respects, is unfavorable to health; 
There must be change, diversity. 

Generally correct ideas alK)ut food being established, it 
ought to be added that nothing is more certain to induce 
disease than the constant apprehension that our food may 
injure us. Special solicitude about the effects of food upon 
us will soon induce hypochondriasm, which is itself disease 
and the forerunner of many diseases. 

InsuflBeiency of food is a prolific source of disease. Even 
though the scantiness do not approach starvation, or pro- 
duce the sufferings of real hunger, if the supply fall below 
the actual waste, the powers become enfeebled, the mind 



be adjusted afterward I How shonld the nitrosrenized food be reflated ? How 
the respiratory food ? Can a nniform diet be safely adopted ? Should we be con- 
stantly anxious abont the effects of our food ? What effects follow from insuffi- 
ciency of food ? Wluit firom excess of food ? 

10* 
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loses vigor, energy is weakened, the ambition of success 
subsides, the physical strength fails, and low febrile symp* 
toms, and finally some form of typhoid disease generally 
follows. If the deficiency is in the vegetable ingredients 
of food, scurvy is apt to follow. If it be in the oleaginous 
portion, a scrofulous habit supervenes, and finally tubercu- 
lar consumption. 

Excess of food is equally injurious. When more is taken 
into the system than can be appropriated for its purposes, 
either the stomach is overtaxed and dyspepsia results, or 
the liver is overtaxed and bilious fevers are induced. 



GENERAL QUESTIONS ON THE REPAIRING SY9^nB^ 

Give the analypis of the repairing system. 

Chapter I.~DeKribe the peritoueum. Of what do the sectiona of this chap- 
ter, in their order, treat J 

Section I.—Describe the mode of development of the teeth. How are they 
divided I In the case of the teeth, what are the three precaatione to be observed f 
Describe the salivary fi^lands. The tongoe. The pharjrnx* The esophagus. The 
physiology of mastication and deglutition. 

Section H.— Describe the stomach. Give the physiology of the stomach. 
Why does the digestive system require special care ? What are the two objects 
for which food is taken ? What circnmstances reqnire the most concentrated, 
and what the lea^t concentrated food ? What are the general principles for the 
selection of food in health ? What in dyspeptic disease ? Why are liquid snb- 
Btances required in the system ? How are they received into the circulation ? 
What modifications in food are effected by cooking, and how do thec^e changed 
affect the system ? How are we to judge of the quantity of food needed T What 
are the practical mles in reference to the times of taking food, and what are the 
gi-ounds of them ? What are the conditions favorable to digestion ? 

SBcnoN m.— Describe the duodenum. The liver. The pancr^. Give the 
physiology of these organs. 

Section IV.— Describe the small Intestine. The mesentery. Give the phyai* 
ology of the small intestine. Describe the large intestine. 

Chapteb n.— Describe the blood. The pericardium. The heart. Its valves. 
The arteries. Their valves. The distribution of the arteries. The veins. The 
course of the circulation. The forces by which it Is sustained. The amount ot 
dally circulation. How is the pulse produced ? What mles are to be observed 
when an artery is wounded ? For what puipose it the anastomosing of the af- 
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teries ? How may we estimate the amoant of nutrition performed ? Where does 
natrition Uke place l^^pescriibtf the capillaries and their nete. 

Chapteb III.— Describe the pleahi. The larynx. How is the voice produced? 
Det«cribe the trachea. The Inngs^ How is respiration produced ? What it* the 
ordinary amount of respiration>^ y What circumstances affect the amount ? What 
proportion is oxygen V^What circumstances may vary tl|e w<$lint of oxygen re- 
ceived ? From what sources is carbonic acid derived i^%o>iMs it injurious * 
Why should rooms intended for a large number of persons be well ventilated ? 
How is the oxygen received into the blood ? How much is received in compari- 
son with the anxHint of blood circulated ? What changes are effected in the 
blood by respiration ? In what way are these changes made ? What is the vital 
force ? How does it become mechanical force ? Give the ftcts which corrobo- 
rate this explanation. Wliat is the second object of respiration ? How is the 
heat produced ?( What are the two kinds of food J} What is the composition of 
each ? Give exiimples of each. What is the object of each in the system ? Un- 
der what circumstances should each kind be used ? 

Chaftbb IV.— For what are the lacteals designed ? How is it shown that the 
veins act as absorbenu ? fDescribe the third class of ^bsorbents^ Their office. 
What conditions of the system depend upon their activity y$ yr'-^- *■ 

Chapteb V.— What are the four classes of secretions ? ; Describe the secreting 
process. J What are the organs of secretion ? What secretions are performed by 
surfiices ? DescriBe the foUicles and their physlofogy. The perspiratory appa- 
ratus. What is its physiology as an excretory system, as connected with the 
temperature of the body ? What are the principal glands Kmtttihif the kid- 
neys and their use. The spleen and thymus and thyroid glands. Th^ relation 
existing between the^ secreting organs. 
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The following description of the individual mnscles has 
been, without changing the paging or the numbers of the 
paragraphs, transferred to this position in the book instead 
of following the section on the muscles generally, because, 
while it is too technical to be required of classes in recita- 
tion, it is believed that many will feel sufficient interest in 
the subject to give it ex- n*;. 56. 

amination. 

SECTION IL—Tlie 
Muscles individually, 

80. I. — Muscles of the 
forehead. 

(a) The ocoipito* 
frontalis {k, Z, Fig. 56) 
arises from the ridge of 
the occipital bone, ex- 
tends forward so as to 
cover the top of the cra- 
nium, and is inserted into 
the skin at the lower part 
of the forehead. It raises 
the eyebrows and wrin- 
kles the forehead hori- 
zontally. 

(J) The oorrugator 
supercilii (not represented in the figure) arises from the 




Hn^des of th«» Fhce. a The levator labii ro- 
periorif*. b The levator an^li oil*, c The 
dfprej»«»or angnll oris, d The depivppor 
labil inferioris. e The zygomaticn* major. 
a The hncclnator. A The orblcnlarip on*, 
i The levator ate na«»1. i The comprcHHor 
narit*. * / The occiplto-frontalit». m The 
orbiculariB ocnli. q The ina9»eter masclo. 
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frontal bone near the inner angle of the eye, runs npward 
and outward, and is inserted into the skin under the eye- 
brow. It antagonizes with the frontalis, and wrinkles the 
forehead vertically. 
81. II. — Muscles of the eye. 

(a) The straight muscles, namely, the rectus superior 

Fig. 57. (9, Fig. 67), the rectus 

inferior (13), the rectus 
intemus (10), and the 
rectus eztemus (11, 
12, most of it is repre- 
sented as removed in or- 
def to show other parts). 
These four muscles arise 

Mn..c'e8oftheEve. 2 The optic nerve. 8 ^*^ *^^ pOStcrior part of 

Theeyft-ball. 4 The levator mnscle of the fhp nrhif Anrl PYf/»n<1 ^CkXK. 

eyelid. 5 The Paperlor oblique maecle. "^^ Orou, aUQ eXtCUa lOr^ 

6 The loop through which its tend<m ward +n hp iriRprfpd infn 

pa^gee. 7 ^he t^^n^on which iif. inserted ^*^^ ^" "® mscrtca mtO 

into the ball. 8 The inferior obliqne fVip pvphflll oup ahovp otip 

miiPcie. 9 The rectne superior. 10 fhe ^"^ eyeoaij, one aoove, onc 

rectus intemne. 11, 12 Portions of the bcloW, and One On Cach 
rectos exteruas. 13 The rectus inferior. ' 

side. Acting separately, 
they roll the eye in diflTerent directions ; acting together, 
they depress the ball in the socket. 

(b) The oblique muscles. The obliquus superior (5) 
has a common origin with the recti muscles. It runs 
obliquely over the eye to the inner angle, where its tendon 
passes through a cartilaginous ring (6), and is reflected 
back to be inserted into the ball (near 3). The obliquus 
inferior (8) arises near the inner angle of the eye, runs 
obliquely backward under the eye, and is inserted into the 
posterior part of the ball. The oblique muscles, acting 
separately, roll the eye in opposite directions ; acting to- 
gether, they antagonize with the recti muscles, and bring 
the ball forward. 

; ((?) The levator palpebrsd superioris (4) has a 
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common origin with the recti muscles, ahd is inserted into 
the cartilage which forms the upper eyelid* 

{(l) The orbioularig oculi (wi, Fig. 56) is a circular 
muscle surrounding the eye. It has its origin and inser- 
tion common at the inner angle, and its use is to close the 
eye. 

82. III. — Muscles of the nose. 

{a) The compressor naris (/, Fig. 56) arises from the 
comer of the nose, spreads oyer the ridge of the nose, and 
its fibres mingle with those of the corresponding muscle 
from the other side. Its action is to diminish the size of 
the nostrils. 

{h) The levator ales nasi (i. Fig. 5G) arises from the 
nasal process of the superior maxillary bone, and is inserted 
into the corner of the nose. It enlarges the nostrils. 

83. IV. Muscles of the mouth. 

(a) The levator labii superioris {a) has its origin 
directly below the eye, and is inserted into the middle of 
the upper lip. It raises the lip. 

{h) The depressor labii superioris is a short muscle 
within the mouth which arises near the root of the upper 
canine tooth, and is inserted into the upper lip just below 
the nose. 

(c) The levator anguli oris (J) arises just below the 
eye, and is inserted into the comer of the mouth, ifhich 
it is designed to raise. 

(d) The depressor angali oris (c) arises from the 
lower edge of the lower jaw bone, and is inserted into the 
corner of the mouth, which it depresses. 

{e) The levator labii inferioris arises near the roots 
of the lower incisor teeth, passes downward, and is inserted 
into the integuments of the chin. It raises the lower 
lip. 

(f) The depressor labii inferioris {d) arises firb^i 
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the lower edge of the lower jaw on the side of the chin, 
and is inserted into the lower lip, which it depresses. 

(ff) The buccinator (g) arises from several points near 
the joint of the lower jaw, constitutes the principal part 
of the cheek, and comes forward to be inserted into the 
comer of the mouth. It diminishes the cavity of the 
mouth, or draws back the angle of the mouth. 

{h) The orbicularis oris (h) is a broad, circular mus- 
cle encompassing the mouth. It antagonizes with all the 
muscles that tend to open it. 

84. V. — Muscles which move the hwerjaw. 

(a) The temporal muscle (4, Fig. 9) arises from the 
parietal bono, and the fasciculi converge till it becomes 
tendonous and passes under the zygomatic process, and is 
inserted into the coronoid process (5). It raises the lower 
jaw. 

(b) The niasseter muscle (9, Fig. 56) arises from the 
malar portion of the zygomatic process, from the malar 
bone, and from the contiguous portion of the upper max- 
illary. One portion has its fibres so situated, that, being 

inserted into the root of the 
^•*^' coronoid process, by contrac- 

tion it carries the lower jaw 
backward. The other and 
principal portion is inserted 
into the angle of the jaw. It 
tends slightly to bring the jaw 
forward, but its principal use 
is to assist the temporal muscle 
in mastication. 

The two Pterygoid Ma^clee. Parts W The pterygoid mnsclefl 

J?mS5e3Te'S?.brtheSi:"l?1 ("^ '^^''<'^ ^' ^' ^«- ^^' '^ !^^ 
The external and 8 the internal exterior and 3 is the interior) 
pterygoid muscles. * « i i . i 

anse from each pterygoid pro- 
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Cess, and are inserted into the inner surface of the angle 
of the jaw. They act alternately, and therefore produce 
the horizontal, grinding motion of the jaw. 

85. VI. — Muscles of the throat. 

(a) The sterno-hyoideus (/, Fig. 59) arises from the 
top of the sternum, and is inserted into the os hyoides. It 

Fig. 59. 




Hnfldes of the Neck. 

draws the hyoides downward and forward. 

(b) The omo-hyoideus (mm) arises from the upper 
edge of the scapula near the outer angle, and is inserted 
into the os hyoides. It draws the hyoides downward and 
backward. 

(c) The mylo-hyoideus arises from the lower edge 
of the lower maxillary bone, and is inserted into the os 
hyoides. It forms the floor of the mouth, and the body 
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of the tongue rests upon it It brings the hyoides upward 
and forward. 

(d) The stylo-hyoideus (g) arises from the styloid 
process, and is inserted into the os hyoides. It draws the 
hyoides upward and backward. 

(e) The digastrious {p p) arises from the mastoid 
process, passes downward and forward through a jierfom- 
tion in the stylo-hyoideus to the os hyoides, to which it is 
attached, then changing its direction, it gbes to be inserted 
into the point of tfce chin. It lifts the os hyoides, and with 
it the tongue and throat. But when the stenM>-hyoideus 
and the omo-hyoideus are in a state of contraction so that 
the hyoid bone cannot rise, then the mylo-hydideus and 
the digastricus will draw the lower jaw downward. 

86. VII. — Muscles of the neck. 

(a) The stemo-cleido-mastoideiui (the prominent 
oblique muscle on each side of the neck) arises from the 
sternum and clavicle, goes obliquely upward and back- 
ward, and is inserted into the mastoid process. When one 
muscle alone acts it brings the head obliquely forward. 
When they act on both sides at the same time, the head 
is brought directly forward. 

{h) The splenius arises from the spinous and trans- 
Terse processes of the vertebral column as far down as the 
fifth dorsal vertebra, and, as it ascends along the back, 
goes obliquely to be inserted just back of the mastoid pro- 
cess. (2, pi. I.) 

{c) The oomplezas has nearly the same origin and 
course, but has its insertion into the occipital bone directly 
behind the insertion of the splenius. (1, pi. L) When 
the splenius and complexus act on both sides they move 
the head directly backward. When only those on one side 
act they turn the head obliquely backward. These two 
muscles are the antagonists of the mastoideus. When all 
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Fig.ea 



these muscles act together by a moderate force, they tend 
to keep the head in an erect position. 

(d) The obliquus capitis inferior arises from the 
spinous process of the second cervical vertebra, and is in- 
serted into the transverse process of the first. It, there- 
fore, turns the first vertebra horizontally on the pivot joint, 
between it and the second, and the head partakes of the 
bame horizontal motion. If, however, both muscles act 
together, they tend to steady the head in its position. 

87. VIII. — Muscles which 
move the spine. 

{a) The longissimus dorsi 
{d e, Pig. 60) arises from the 
spinous processes of the sac- 
rum and the lumbar vertebrae, 
and from the contiguous por- 
tions of the ilium, passes up 
along the spine, filling the 
space between the spinous and 
transverse processes, and is in- 
serted into the transverse pro- 
cesses of all the dorsal vertebrsB 
except the lowest. Its use is to 
keep the spine erect. It also 
helps to bend it backward, br 
obliquely backward. 

{b) The sacro lumbalis 
(a b) has nearly the same origin 
as the longissimus, and is in- 
serted into the ribs a little for- 
ward of each tubercle. Its use 
is the same as that of the 

longissimus. a e The lon&rtpsimas doni. a b The 

(c) The qnadratua lum- JS^SrlT^- '<'T'»'o«^»» 
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Fig. 61. 



borum arises from the highest portions of the rim of the 
pelvis^ and is inserted into the transverse prooess of the 
last dorsal vertebra, and into the lower edge of the lowest 
rib. It keeps the trunk erect, or bends it to either side. 
88. IX. — Muscles of respiration, 
(a) The terratus posticus superior arises from the 
spinous processes of the three lower cervical vertebrae, and 

is inserted into the second, 
third, and fourth ribs on the 
front side of the thorax. Its 
direct use is to raise these 
ribs, but from the manner in 
which the ribs are connected 
it tends to raise all of the 
ribs. 

(b) Thelevatorescosta- 
rum {c 0, Fig. 60), twelve in 
number, arise one from the 
transverse process of the last 
cervical and each of the dor- 
sal vertebrae except the last, 
and passing obliquely down- 
ward is inserted into the rib 
immediately below. They as- 
sist the serratus posticus su- 
perior. 
{c) The intercostales (4 

4 External intercostal nraocles. 6 In- and 5, Fil?. 61) are short mus- 

tcmal intercostal mueclee. 6 The _ ntf J^^ * -l j. 

traneversalis miipcle. 8 The linea cleS nlling the SpaCCS between 

alba. 11 The rectas abdominiB. ., ., mv • i. i i 

the ribs. The internal layer 
passes upward and forward. The external layer runs 
obliquely upward and backward. When the upper rib 
becomes fixed by the action of the muscles above it, the 
intercostales raise all the ribs below the first* 
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{d) The serratns posticus inferior (16, Fig. 62) 
arises from the spinons processes of the lumbar vertcbrap, 
and rising forward, are inserted into the ends of the tenih, 
eleventh, and twelfth ribs. It brings the ribs downward. 

Fig. 62. 




1 Tlie trapezlnp. 4 The lati^itimas dowi. 5 The deltoid mn^cle. 8 The glntera 
nie<lhiH. 9 The e)ateu«> maximns. 11, 13 The rhomboideas motfcle. 16 TJLe 
eerrata^ posticus inferior. x2 The ^erratas anticua major. 

(e) The diaphragm (2, 2, Fig. 63) is a muscular mem- 
brane separating the cavity of the thorax from that of the 
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abdomen. Its form is that of a dome, being conrex 
above, like an inverted basin. It is seen in section in 
Fig. 63. It is attached to the lower extremity of the ster- 
num and to the ends of all the ribs. Its muscular fibres 

Fig. 63. 




The Thorax, the front part removed to show the diaphragm, 3, S. 



have a very irregular arrangement, but the general effect 
of their contraction is to depress the dome more nearly to 
a plain surface, and of course to increase the cavity of the 
tliorax by pressing down the viscera of the abdomen. 
89. X. — Muscles of the aidomeiu 



Digitized by VjOOQ IC 



APPENDIX, 



939 



(a) The obliquus descendens oztemiu (12, 13, Fig, 
64) arises from the extremities of the eight inferior ribs, 
and proceeds obliquely downward to the linea alba 

Fig. 64. 




Front ^iew of the Mawsle? of the Trank. 1 The pectoralis major. 3 The deltoid 
nriiscle. 18, 13 The external oblique muMle. 16 The rectus abdominis. 18 
The internal oblique muscle. 

(which is a tendonous snbstance occupying the median 
line of the abdomen, from the sternum to the pelvis, and 
seen at 8, 9, Fig. 61). 

{b) The obliquus ascendens intemus (18, Fig. 64) 
arises from the brim of the pelvis, and is inserted into the 
linea alba, sternum, and false ribs. 

(c) Tlie transversalis abdominis (6, 7, Fig. 61) 
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arises from the. lumbar vertebrae find the ends of tbe fiilse 
ribs, and passes horizontally around the abdomen to be 
inserted into the lineaaspera. 

(d) The rectus abdominis (16, Fig. 64) arises from 
tlie sternum and the cartilages immediately adjacent, and 
descends vertically to the pelvis. 

The direct use of these muscles is to compress tjie abdo- 
men. But by 50 doing they cause the viscera of the abdo- 
men to afecend, and the arch of the diaphragm is raised 
up. As the diaphragm descends, these muscles relax to 
make room for the depressed viscera.** They are thus the 
muscles which antagonize with the diaphrs^m, and though 
they l^ve other uses, they are also respiratory muscles. 
The first, second, and fourth also bend the body obliquely 
or directly forward. 

99. XI. — Muscles of the upper extremities. 
1. Muscles of the Scapula. 

{a) The trape^dus (1, Fig. 62) arises from the occipital 
bone, from a tendonous substance called the ligamentum 
nuchae, which passes along the spinous processes of the 
neck, and from the spinous processes of all the dorsal ver- 
tebrae. It is inserted into the fipine of the scapula and 
into the acromion process. It draws the scapula backward. 



*" It w in this way that exercise is essentially connected with diges'ion, 
and that a want of exercise brin^ on a constipated state of the intestines. 
Exercise always increases the demand for oxygen in. the system ; hence 
the deep, labored respiration of a person who has been exerting himself to 
his utmost. To a less extent, and yet to a very perceptible extent, ordi- 
nary and not fatiguing exercise increases the fiillneM erf the respiratory 
efibrt ; that is, it increases the reciprocal action of the abdominal muscles 
and the diaphragm. There is thus aa increased motion mechanically given 
to the stomach and intestines. The effect of this is to increase the supply 
of blood sent to these organs, and thus to favor digestion and prevent 
dyspepsia. Another effect is to keep their eontents hi motiOB^ and thus to 
prevent constipation. 
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(b) The rhomboideufl (11, 12, Fig. 62) arises from the 
spinous processes of the three lower cervical and the four 
upper dorsal vertebrae, aud is inserted into tlie whole pos- 
terior edge of the scapula. It draws the scapula upward 
and backward. 

(c) The serratus antions major (22^ Fig. 62) arises 
along the sides of the thorax from the eight superior ribs, 
runs back under the scapula and is inserted into the pos- 
terior edge of it It moves the scapula downward and 
forward. 

2. Muscles which move the shoulder-joint 
(a) The pectoralis major (1, Fig. 64) arises from the 
whole length of the sternum and the fibres converging. 
It is inserted into the fore side of the humerus, about 
three inches from its upper extremity. It brings the arm 
downward and forward. 

{b) The latissimus dorai (4, Fig. 62) arises from the 
spinous processes of the lumbar vertebrae and sacrum, and 
from the edge of the ilium, and is inserted into the hu- 
merus just back of the insertion of the pectoral muscles. 
It draws the arm downward and backward. 

(c) The deltoidefl (5, Fig. 62) arises from the spine 
of the scapula, the acromion, and the outer extremity of 
the clavicle, passes over the shoulder-joint, and is inserted 
into the outer side of the humerus near the middle. It 
raises the arm. 

3. Muscles which move the elbow-joint 

(a) The biceps flexor cabiti (8, pi. II.) arises from 
the upper edge of the glenoid cavity and from the coracoid 
process of the scapula, and, passing the whole length of 
the humerus, it is inserted into the tuberosity at the upper 
end of the radius. It bends the forearm. 

(b) The braohialis intemus, situated under the 
biceps, arises from the humerus, near the insertion of the 

11 
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deltoid mnscle^ and Is inserted near the rxpper exfremity 
of the ulna, on the front side. Its use is the same as the 
previous muscle. 

(c) The triceps extensor cubiti (7, pL L) ariaes from 
the lower edge of the glenoid cavity, from the upper ex- 
tremity and from the middle of the humemSy and is in- 
serted into the olecranon. It extends the foreann. 
4. Muscles which move the wrist and fingers. 

The muscles of this diviwon^ have three, objects, to rotate 
the hand, to move the wrist, and to move the fingers. 
Seven of these arise from the intemid condyle, of which 
the first is a pronator and the rest are flexors. 

(a) The pronator teres radii (7, pL 11.) passes 
obliquely over the forearm, and is inserted near the middle 
of the radius. It rolls the hand inward. 

(b) The flexor oarpi radialis (9, pL n.) follows down 
hear the radius, passes under the annular ligament, and 
is attached to the metacarpal bone of the forefinger. It 
bends the wrist 

(c) The flexor oarpi ninaris takes its course along 
the ulna, and is inserted into the pea-shaped bone of the 
Ivrist It bends the wrist. 

(d) The pahnaris longm has nearly the same course 
as the preceding muscle, and is inserted into the mem- 
branous expansion which lies in the palm of the hand, 
and has also a slender attachment to the bones of the hand. 
It helps to bend the wrist. 

(e) The flexor digitorum sublimis (10, pi. II.) passes 
as one muscle to the middle of the forearm, when it divides 
into four parts, which soon become tendonous, pass under 
the annular ligament, and are inserted one into the second 
phalanj^eal bone of each finger. It bends the fingers at the 
first and second joints. 

(/) The flexor digitorum profundus lies under the 
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Ba1:dimis, is ako diyided into four tendons, snd they are 
inserted into the last bone of each finger. It therefore 
bends the last joint. 

(^ The flexor loBgiui pollicis is inserted into the 
last bone of the thumb. It bends all the joints of the 
thumb. 

The next six muscles arise from the external condyle 
of the humerus, of which the first is a supinator, and the 
rest are extensors. 

(a> The supinator radii longtur (8, pi. I.) passes 
obliquely over and nearly around the forearm, and is in- 
serted into the lower end of the radius. It rolls the hand 
outward. 

(b) The extensor oarpi radialis descends along the 
back of the radius, and is inserted into the metacarpal 
bone of the forefinger oa the back of the hand. It ex- 
tends the hand. 

(c) The extensor oari^ radialis brevior resembles 
the last, except that it is inserted into the metacarpal bone 
of the second finger. It extends the hand. 

(d) The extensor oarpi ulnaris descends along the 
ulna, and is inserted into the naetacarpal bone of the little 
finger. It extends the hand. 

{e) The extensor digitomm oommnnis.(9, pi. I.j. 
At the middle of the forearm it divide into three tendons, 
which are inserted into the middle bones of the first, sec- 
ond, and third fingers. A strip of tendon also reaches to 
the last bones of the same fingers. It extends all the joints 
of these fingers. 

(/) The extensor minimi digiti is inserted in a 
similar manner into the bones of the little finger, and ex- 
tends all the joints. 

(g) The extensores poIUcis arise from the middle 
of the ulna, and are inserted, one into the metacarpal bone 
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of the thumb, and one into each of the other b6nes of 
the thumb, and extends all the joints. 
91. XII. — Muscles of the lotoer extremities. 
1. Muscles which move the thigh* 



Fig. 65. 



{a) The psoas magnns 

(a, Fig. 65) arises from the 
front side of the bodies and 
transverse processes of the 
lumbar vertebrae, runs across 
the pelvis to the os pubis, 
bends over the anterior edge 
of this bone, and is inserted 
into the trochanter minor of 
the femur. It brings the 
thigh forward. 

(b) The iliaous inter- 
ims {b, Fig. 65) arises from 
the whole internal surface of 
the wing of the ilium. Its 
fibres converge, become ten- 
donous, and unite with the 
tendon of the psoas magnus. 
Its action is, therefore, the 
same as the psoas. 

{c) The gluteus mazi- 
mus (13, pi. I.) arises from 
the external surface of the 
sacrum and coccyx and the 
lower external surface of the 
ilium, and is inserted into 
the upper part of the linea 
aspera for a third of the 
length of the thigh. Its use 
is to straighten the thigh and draw it backward. But as 




Tiie i)0oa9 rnasmns muBcle. b The ill- 
acu(> internat*. e One of the intercos- 
tal moscle?. d Part of the femur. 
«, e The boneu of the pelvis. 
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important an office is, in connection with other muscle^ 
to support the body in an erect position on the lower ex- 
tremities. 

(d) The gluteus xnedius (12, pi. I.) arises from the 
outer surface of the spine of the ilium, and is inserted into 
the back part of the trochanter major. It carries the thigh 
outward, and also turns the toes outward. 

(e) The gluteus ywiwinnnfl arises from that part of the 
ilium contiguous to the acetabulum, and is inserted into 
the front aide of the trochanter major. The effect of this 
muscle is to turn the thigh so as to carry the toes in- 
ward. 

(/) The triceps adductor arises from the upper and 
front part of the os pubis, by three heads, and is inserted 
into the whole length of the linea aspera. It rotates the 
thigh, and brings it inward. 

(g) The obturator extemus arises from the large 
foramen in the os ischium, passes under the neck of the 
femur, and is inserted into the inner and back part of the 
trochanter major. It rotates the thigh outward. 
2. Muscles which move the leg. 

(a) The sartorius (11, pi. II.) arises from the upper 
and front i)art of the ilium, winds obliquely to the inside 
of the leg, and is inserted into the inner tubercle of the 
tibia. It bends the leg, and draws it obliquely inward. 

The next four muscles lie on the under side of the thigh, 
and their office is to bend the knee. 

(b) The gracilis (14, pi. I.) arises from the os pubig 
near its inferior part. 

(c) The semi-tendinosus (17, pi. I.) arises from the 
lower extremity cf the ischium. 

(d) The semi-membranosus also arises from the 
lower extremity of the ischium. These three muscles, to- 
gether with the sartorius, have a common insertion at the 
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inner tubercle of the tibia, by a common tendon Trbich 
forms the inner hamstring. 

(e) The biceps cruris (16, pi. I.) arises from the lower 
extremity of the ischium, and frona the linea aspera near 
the insertion of the gluteus maximus, and is inserted into 
ike outer tubercle of the tibia. Its tendon constitutes the 
outer hamstring. 

The remaining four muscles constitute the extensor of 
the leg. 

(/) The rectus femoris (12, pL IL) arises from the 
front part of the ilium. 

(ff) The crureus arises from the trochanter 

minor. 

(h) The vastus intemus (13, pi. II.) also arises from 
the trochanter minor. 

(t) The vastus eztemus (14, pL II.) arises from the 
trochanter major. 

These four muscles unite in one great tendon, which is 
inserted into the patella. A short tendon connects the 
patella with the tibia where the power is to be exerted. 
3. Muscles which move the foot 

(a) The gastrocnemius (19, pi. I.) arises from both 
condyles of the femur. 

(b) The soleus arises fh)m the tubercles of the tibia. 

• These muscles unite in a strong tendon (the tendon 
Achillis, 21, pi. I.) which is inserted into the extremity of 
the heel (the os calcis). (The tendon is seen above, 3, 
Fig. 42.) They extend the foot 

(c) The peroneus (20, pi. I.) arises from the head of 
the fibula. It follows this bone to its lower extremity, 
passes through the channel of the outer ankle, turns under 
the foot, and is inserted into the metatarsal bone of the 
great toe. It extends the foot, and presents the sole 
obliquely outward. 
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(rf) The tibialis posticus arises from the tipper ex- 
tremity of the tibia, passes down on the back side between 
the tibia and fibula, turns under the foot just back of the 
malleolus internus, and is inserted into the middle of the 
under side of the foot. It extends the foot slightly, and 
presents the sole obliquely inward. 

(e) The tibialis antious (19, pi. II.) arises from the 
head of the tibia on the front side, passes down forward 
of the malleolus internus, and is inserted with the posticus. 
It flexes the ankle slightly, and turns the sole inward. 
4. Muscles which move the toes. 

(a) The flexor pollicis pedis arises a little below the 
head of the fibula on the back side, passes behind the ankle- 
joint on the inside to the bottom of the foot, and is in- 
serted into the under side of the last bone of the great toe. 
It bends this toe. 

(J) The flexor digitonim pedis resembles the flexor 
pollicis pedis till it reaches the bottom of the foot, where 
it divides into four tendons, which are inserted one into 
the last bone of each toe except the first. It bends these 
toes. 

(c) The extensor poUiois pedis (16, pi. II.) arises 
from the front side of the head of the fibula, passes along 
the bone to the ankle, then under the annular ligament, 
and is inserted into the upper side of the last bone of the 
great toe. It extends the great toe, and bends the ankle. 

(d) The extensor digitorum pedis (17, pi. II.) is 
like the pollicis pedis till after it passes under the annular 
ligament, where it divides into four tendons, which are in- 
serted one into the top of the last bone of each toe except 
the first It extends the toes and bends the ankle. 
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Abdomen, 182. 

Abduc'tor oc'ali. (L. abduoo, to lead 
away.) The nerve which goes to the 
external straight masde of the eye. 

Abeorp'tion, 374. 

** of natriment, 199. 

Acro'mion. (Gr. axfjoi, the highest 
part, and com oi, the shonlder.) The 
prominent part of the shoulder. 44. 

Acetab'iilum, 48. 

Adaptation in the nerves of general sen- 
sibility. 133. 

Adaptation of the eye to different dis- 
tancei«, 133. 

Ad^po^e, fiit. 

Air, 29S. 

AlDu'men. a nntritions substance which 
hardeutt by heat, of which the white of 
an egg is an example. 

Al'cohol, a()6. 

Amount of the circulation. 946. 
'* ** respiration, 2S9. 
" ♦* sleep, 171. 

Anas'tomose. (Gr. ava, throngh, and 
iro/LicCy a mouth.) The opening of 
arteries and veins into laiiger ones, 
248. 

Anatomy, object of, 1. 

Anfrac'tnoi>ities. 87. 

Animal heat, 270. 

Animal and vegetable (bod. 908. 

Antav'onism or the muscles, 78. 

An'lrum maxillare. (L. antrum, a cave.) 
A cavity in the upper jaw. 34. 

Aor'ra, 241. 

Aqueous humor. 137. 

Arach'noid membrane. (Gr. apaxytfy 
ai>pider, resembling a spider's web.) 

Ar'borvit«. (L. Tree of life.) 89. 
Articulation. (A Joint.) 
Arrangement of muscles, 71. 
Ar'terles, 238. 
Aryte'nold. (Gr. apwcctva, a ewer, 

ewnr-shaped.) 354. 
A»trag'alu«, 61. 



Atlas, 88. 

Au'ditory nerve, 149* 

Au'ricle, 336. 

Ax'illarv. (L. aasUla, the an&pplt.) 

Ax'ls, 88. 

Ball and socket Joints, 66, 
Bathing, 388. 
Belly of the muscles, 68. 
Bile. 316. 
Blood, 381. 
Blood-cells, 288. 
Bones of the cranium, IL Dk 
" ear, 140. 

** " face, 82. 

" " foot, 64. 

** ** forearm, 4T« 

** " hand, 48, 

** ♦♦ head, 11, 19. 

*♦ " lower extremities, 60 

" " pelvis, 41. 

»• »* spine, ai. 

** ** thorax. 88. 

** ** upper extremities. 46. 
Brain, its agency in mental operations, 

95. 
Brain, as a means of manifesting voli- 
tion, 94. 
Brain, an organ of the mind, 93. 

'» a repository of force, 91. 

«» dependence on the bk od, 101. 

*• " " emotions, 106. 

" excessive activity, IW. 

" gray substance of, 89. 

** overworking, 100. 

** training, 99. 

" white substance, 89. 
Bron'chi, the divisions of the tnkSbMk 

256. 

Ca'nine. (L. canis, a dog.) The name 

of the third tooth, 186. 
Capillary systems. (L. capiUus^ a hair.) 

351. 
Capsule. (L. eapsula, a casket.) The 

membrane which incloses the cavity 

of a Joint. 68. 
Carbon'ic acid in the air, 308. 
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Csr'diac (L. cardiaeui^ pertainfng to 
tbe heart.) The orifice of the stomach 
on the lelt. 196. 

Cttrnes. (L. caro, fleinh.J Fleshy. 

Camiv'oroaii, livinir on llefh. 

Carotid artery, S41. 

Car'paL (L. oarput^ the wrist.) Per- 
Uining to the wrist. 

Car'tilam of the JoiilU, 67. 

Caa^e ordeaftaess, 148. 

Cel'lnlar membrane. Note 90. 

Ccrehel'lum, the lower and back part of 
the brain, 8S. 

Ce'rebmm, the upper and front part of 
the brain, 85. 

Cer'vicai. (L. cervix^ the neck.) Per- 
taining to the neck. 

Changes eflbcted by respiration, 966. 

Choice of food, 204. 

Cho'roid. (Or. xofnor,) The second 
coat of the eye. 196. 

Chyle, 993. 

Chyme, 198. 

Cil'iary. (L. cUlum, the eye-lash.) Con- 
sisting of illaments. 197. 

Circnlation, 981. 

Cleanliness. 395. 

Clavicle. (L. flbioi«, a key.) 46. 

Coag'alam, the clot of blood. 947. 

Coc'cyx, the lowest bone of the spine, 
81. 

Coch'lea. (L. a snail-shell.) Part of the 
Ubyrinth. 141. 

Cochlea, its fhnctions, 146. 

Combioed action of maecles, 

Composition of bones, 7. 

Conditions of digestion, 319. 

Conductors of sound, 144. 

Condyle. (Gr. xor5vXoi,AhatUm.) 
A protuberance. 

Condyloid joints, 64. 

CoiuunctiVA. (L.) The transparent 
membrane which oorers the front part 
of the eye. 125. 

Contents Of the lympbatic yessds, 978. 

Convolutions of the brain, 87. 

Cooking of food, 'Mft. 

Cornea. (L. oomw, horn.) The trans- 
parent coat of the eye under the con- 
junctiva, 196. 

Coracold. (Gr. xofta^^ a crow, resem- 
bling a crow's bill.) Applied as the 
name of several procesfite?. 

Coronal. (L. corona, a crown.) Suture. 
9GL 

Corunoid processes, 47. 

Cor'pus calio'sum. (L. a hard body.) 
The flbr</u8 mass between the hemi- 
spheres of the brain, 88. 

Course of the blood, ^48. 

Cra'nial nerves, 111. 

Cranium, form of the, 19. 
** uses Of the, 91. 

Cri'coid. (Gr. xotHO?* a ring.) Car- 
tilage. 954. 



Crystalline lens, 127. 
Cutaneous secretion, 965. 

** absorption, 380. 
CuUde. (L. CM<w, akin.) 163. 

Degluti'tion, the act of swallowing, 194. 

DeuU'tus. (L. deMy a tooth.) A tooth- 
like process. 88. 

Development of bones, 6. 

Digestion, ISl. 

Diet, rules of, 300. 

Dlp'loS. (Gr. SticXov^f double.) 12. 

Direction of visible objects, 1^. 

Difttribudun ot nerves, 115. 

Diversity of food, 201. 

Dorsal. (L. dorsum^ the back.) Per- 
taining to the back. 

Double circulation, 949. 

Dreaming, 175. 

Dress, 297. 

Duode'num. (L. twelve.) The com- 
mencement of the small intestine. 215. 

Dura mater. (L.) The outer membrano 
which indoles the brain, 82. 

Dyspepsia, treatment oi; 305. 

Bar tube, 189. 

Education of the muscles, 75. 
Bfllect of oxygen in respiration, 966. 
Elements ol nutrition, 271. 

•* ** renplration, 279. 
Employment as indicating the kind of 

fi5od,908. 
Enamel of the teeth, 189. 
Epiglot'tis. (Gr. over the glottis.) The 

cartilage that covers the glottis ia 

swallowing. 954. 
Epiph'ysifl. (Gr. eTCt, upon, and (pvm, 

to grow.) A prominence of bone. 
Esoph'agus. (Gr. oiio<paxoS, the 

gtaiet.) 193. 
Sth'moid. (Gr. pdfiQ^y a sieve^) A 

bone of the cranium. IS, 
Eusta'chian tube, 140. 
Exercise, 996. 

** of the brain. 97. 
Excrementi'tious, that which is tiseless 

in the system. 
External ear, 138. 

" parts of the eye, 125. 
Extrav'asation of blood, the escape of 

blood teom its proper vetsseUj into the 

cellular tissue. 
Expiration, the act of expelling air from 

tn6 lungs. 
Eye, adaptation to difl^rent distances, 

138. 
Eye, as related to light, 138. 

*' " »* intensity of light, 189. 

** how improve or injured, 187. 
Eye ids, 125. 

Farina'ceous, consisting of 
starch. 
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Fas'cUk. (L.) A hand of tendiDoae 

sabstance. 
Facial (pertaining to the flu^c) nenre, 

Fanci'cnlas. (L. a »inall bundle.) A 
collection ox minate muscalar fibres. 
fi8. 
Falx. (L. a praning-hook.) Applied, 
from their lorm, to two folds of the 
dnra mater, 82. 
Feeling, location, 161^. 

** subject to training, IfiS. 
** superiority to other senses, 169. 
»* uses, 167. 
Fe'mnr, 80. 
Fenes'tra. (L. a window.) The open- 

ingit into the labyrinth. 140. 
Fib'rin of the blood, 288. 
Fib'ula, 62. 

Flexion, the act of bending. 
Follicles, 284. 
Food, 176, 800. 
Fora'men, plaral foramina. (L.) -An 

aperture. 
Forces of the circulation, 244. 
Form of the bones, 8. 
Formation of chyle, 222. 
Form:* of the mn!>cles, 70. 
FosVa. (L. a trench.) A depression in 

the hat-e of the' cranium. 19. 
Frontal bone, 18. 

" sinuses, 18. 
Function, office or duty, purpose. 
Functions of the brain, 90. 

" ** gray tfubstance, 107. 

** '* white substance, 106. 

" " nerves, 117. 

Gang^on. 113. 

Gat^tric Juice, 197. 

GeFatine, an animal product, soluble in 

water,, glne. 
Gland, an organ of secretion. 283. 
Glosso-pharynx, belonginfif in common 

to the tongue (glossa) and the pharynx. 
Glot'iLii, the opening into the larynx. 

Fig. 103. 
Gln'ien, the tough substance obtained 

fh)m wheat by chewing the kernels. 
Great sympathetic nerve, 116. 
Growth of the body, 260. 
" *» bones, 10. 
*' *' the teeth, 186. 

Hand, as an organ of prehension, 49. 
Hearing, 138. 

** cause of the sensation, 148. 

** conditions of perfect, 14ff. 

" interference with, 148. 
Heart, 285. 

Hemispheres of the cerebrum, 96^ 
Hepat'ic, pertaining to the liver. 
Herbiv'urous, a term applied to animals 

which require vegetable food. 
Hinge joint, 63. 
Sa'meras, 46. 



Hydraulic, relating to the conveyance 
of liquids. 

Hy'drogen, one of the elements of water. 

Hyoid (U-shaped) bone, 30. 

Hypo-glos'sus. (Gr. VTto^ under.) Un- 
der the tongue, one of the cranial 
nerves. 111. 

Immovable joints, 61. 

Incisor (cutting), ihe sharp firont teeth, 

186. 
In'cubus (nightmare). 174. 
Incus. (L. an anvil.) Ihe name of one 

of the bones of the ear. 140. 
Injury of the arteries, 247. 
Insertion of the muscles, 68. 
Intestines, 223. 
Internal parts of the eye, 126. 
Intervertebral foramina, 86. 
Involuntary muscles, 66. 
Iris, 126. 
Iron in the blood, 266. 

Joints, 66. 

Kidceyp, 290. 
Kinds of food, 201. 

Labyrinth, 141.' 
Lachrymal bones, 23. 

glands, 186. 
jLacteals, 274. 
Lacteal absorption, 226. 
Large invest iue, 280. 
La'rynx, 254. 
Ligaments, 59. 
Liquid fjpod, .206. 
Liquor of Cotun'nins, 149. 
Liver, 216. 
Lobes of the brain, 86. 

" " lungs, x66. 
Locomotion, motion from place to place. 
Long-sightedness, 136. 
Lower maxillary bone, 29. 

" spongy b(»nes, 27. ' 

Lumbar, pertaining to the loins. 
Lungs, 254. 
Lymphatic vessels, 276. 

Mag'num foramen. (L.) The lar^r 
aperture in the bone of the cranium 
through which the spinal cord eutei>, 
15. 

Malar. (L. mala, the cheek.) Pertain- 
ing to the cheek. 25. 

Malleus. (L. a hammer.) The flr^t 
bone of the tympanum. 140. 

Mastica'tion. (L. mastica'tio.) The act 
of chewing. 188. 

Mastoid. (Qr. )ua§ro?, nipple.) For- 
amen, 16. 

MaJiillary (L. max^iUa), or jawbone, M, 
29. 

Mechanical system, 6. 

♦» •* why necessary, 8. 
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mm^timxm. (L. mimNm, tlw mtaaie, 
and Gr. rctr 09, to utretch.) Adoabl« 
pArtitton throagti the thorax ftom the 
epine to the sternam. i68. 

Sledaria oblonga'ta. (L. the pith, pro- 
longed.) The portion of tne »innal 
cord within the cranium, 86. 

Membrane, permeability of; SbS. 

Hembraneeofthe brain, 81 

Hes'entery. (Or. fiB^evrsptov.) The 
membrane to which the email Intee- 
tiue i» attached. tM. 

MetacarpaL (Or. fiera, beyond, and 
xorpx'of 9 the wrift.) 48. 

If etatantal. (Gr. beyond the heel.) Per- 
taining to that part between me in- 
step and the toes. 54. 

If iaft'ma. (Qr.) Infecting t nbstance in 
the air. 

Mitral valvc9, the Talvee in the second 
Tentricle of tiie heart. i37. 

Molar. (L. mola, a mill.) A grinding 
tooth. 186. 

Mo'tor oc'nli. (L.) The name of the 
third cranial nerve. 111. 

Movable join t«. @. 

Mn'cas. a viscid secretion from maoone 
roembranet*. 

Mnscles, m. 

MnsMialar fibre, 68. 

Muscular power dependent on the cii> 
cnlation of the blood, 78. 

Muscular jH)wer dependent on the ner- 
vous influence, 79. 

Kasal, pertaining to the sose. 

Nasal bones, SS. 

Nature of muscular power, Ttt. 

" ** secretion, S8i. 
Neirves, 110. 

*' as sentinels, ISOl 

** afferent, 106. 

*' efferent, 106. 

** rendered insensible, 190. 

*' of t^pecial sensibility, 117. 

" general sensibility 118. 

** voluntary motion, 1S8. 

** involuntary motion. 1*1. 
Kervous system, why neco.^tsary, 8. 
Nitrc^^n, a chemical alemeui, a con- 
stituent of the atmocphere. 
Nitrogenizcd com^tituents of the food, 

302. 
Nutr tion, 250. 

elements oi; 90S. 

Object of the bones, 6. 

** lymphat.c6, 877. 
Objects of perspiration. S86. 

»* secretion, 281. 
Oc'ciput (L. ob and caput.) The back 

pari of the head. 
Occi:)ital bone, 15. 
Odors, 152. 
Olec^ranon. (Gr. the elbow.) 47. 



Oifliotoiy neTve< t«51. 

Optic, pertaining to the eye. 

Orbicular muscles. 

Orbit of the eye, the bony cavity In 

which it is lodged. 135. 
Origin of the muscles, fi6. 

**^ ** spinal nerves, 118. 
Oxygen consumed by respiration, 264. 
Os. (L.) Boiip. 
Osseous, relating to the bones. 
OssificAtion, the act of becoming bone, 

Os'sa innominata. (L. bones not 
named.) Thebonesof the pelvis. 4al. 
Ovoid, resembling (ovum) an egg. 

Palatine bones, 96. 

Pan'creas. (Qr. Ttar, all, and xpeaS, 

flesh.) 219. 
Pancreatic Juice, 290. 
Papilla. (L.) A small elevation, 156. 
Parietal (L. parUt, a wall) bones, 14. 
Parotid. (Gr. TCapa, near, and ovi, 

the ear.) 190. 
Partial sleep, 173. 
Far vagum. (L. the wandering pair of 

nerves.) 111. 
Patel'la. (L) The knee-pan. 58. 
Pel- is. (L. a basin.) 41. 

*' object* <»f the, 43. 
Pennlform muscle:*, 70. 
Pepslue. 199. 
Percar'ditim. (Gr. heart envelop^.) 

235. 
Perios'teum, 11. 
Peritone'nm. (Qr. TCSpt, around, and 

r£fv<», to extend.) Theliningmem* 

brane of the abdomen, 183. 
Perspiration, 285. 
Petrous. (Gr. iteTpoi, stone;) Hard, 

like sKme. 
Pbal'anx. (Gr. a row, a portion of aa 

armv, pL phaUmgej*.) 
Ph:i'r3-nx. (Qr.) The upper part of tho 

esopha^s. 192. 
Phenomenon. (GrJ Pi. phenomena. 

What is observed. 
Pho:>phate of lime, one of the ooastita- 

ent* of bone.T. 
Phy.-iology, obj<cts of, 1. 
Pi'a mat r. (L.) The inner membrantt 

of the brain, b4. 
Plates of the cranium, 19. 
Pleura. (Gr. the side.) The membrane 

which lines the thorax and covers tbm 

lungs. 853. 
Plexus. (L. a network.) 114. • 
Ponr*. (L. a bndee.) Varolii, the upper 

part of the medulla oblongata. 86. 
Portal system, :^16. 
Pronation. (Cm proMu^ having the fkca 

bent downward.) The act of turning 

the hand so that the palm wii bo 

downward. 49. 
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Prehension. (L. prehenHo, lAytoff hold 
of.) The act or the power of holding. 
49. 

Procen. (L.) A prominence on the 
bones. 

Pter'y^id. (Gr. TCtEpoVy a wing.) 
Wing-like. 

Pnlmonary. (L. pulmo, the Inngs.) 
Peruinlng to the Innge. 

PulBe. (L, p««to. to beat.) »I7. 

Pnnc'ta lachryma'lla. (L.) The capil- 
lary tubes through which the lachry- 
mal BecretioR eecapes. 12S. 

Pupil. (L.) 196. 

Pyloric. (Or. nvXrj, a gate.) Orifice. 
190. 

Quantity of fbod, 209. 

Ba'diuB. (L.) A bone of the forearm. 47. 
Beg'imen. (L.) The regulation of diet. 
Kcution of the secreting organs to each 

other, 398. 
Bepeiring system, 176. 

** " why necessary, 8. 

Betpiratlon, 858. 

elemenfsof,aW. [258. 

** upon what it depends, 40, 

•* object of, 261. 

♦♦ frequency of, 264. 

Be'te mnco'snm. (L. mucous network.) 
That portion of the cuticle in which 
the coloring matter is found. 168. 
Re'tina. (L. dim. ofr<$^) 126. 
Bibs, 89. 

Bacmm, the principal bone at the base 

oi the spine, 81. 
Sacral, belonging to the sacrum. 
Sali'va. the viscid secretion of the 

month, 190. 
Salivary e^lands, 190. 
Sapid substances, 157. 
Scap'ula. (L.) 44. 
Sciatic, pertaining to the hip. 
Schneide'rian membrane, 150. 
Sclerotic. (Gr. $xA7/po$^ firm.) Coat 

of the eye. 136. 
Secretion, 281. 

** from glands, 289. 
" " surfaces, 288. 

Semi circular canals. 141. 
Semi-lunar valves, 289. 
Sensation. 98. 
Sense of feeling, 16^ 

** " hearing, 188. 

** " sii(ht,125. 

•* •• smell, 149. 

" »* ta.'te, 156. 
St/rum. (L.) An ingredient in the 

blood. 288. 
Se'rons membrane, one which secretes 

a linid ref emblin-r serum. 
Short-i>ighter!ne£s, 185. 



Sigraoid (crooked, like the Greek letter 

f),46. 
Sinus. (L.abag.) A cavity. 
Skeleton, the bones of the body arranged 

in their proper order. 
Sleep, 170. 
Small intestine. 228. 
Smelling, h)cation, 149. 

>• means of increasing the sense, 

168. 
Smelling, nses of, 154. 
Solidity cognized by t^ight, 184. 
Spherical aberration, 131. 
Sphenoid (Gr. i(f>fiy, a wedge) 

bone, 17. 
Spine. 81. 
Spinal canal. 86. 

" cord, 104. 

*« nerves. 112. 

** structure. 118. 

♦♦ distribntion, 114. 

'' Interchange of filaments, 115. 
Spleen, 291. 
Squinting. 186. 
Sta'pes. (L. a stirrup.) The last bone 

or the tympanum, 140. 
Starvation, 269. 
Sternum, 88. 
Stomach. 196. 
Structure of the bones, 9. 
" " hair, 1($4. 

** heart, 235. 
»• " nails, 165. 

^ " skin, 166. 

Styloid. (L. Btylw, a writing-sticl^) 

Kesembhng a stylus. 
Suture, 20. 
Subcla'vian. (L. wft. under.) Name of 

oi-^ns under the clavicle. 241. 
Sublingual (L. lingua^ the tongue) 

gland. 190. 
Suboccipital nerve, 112. 
Submaxillary gland. 190. 
Supination. (L. guplnus, with the face 

upward.) The hand so turned as to 

bring the palm npwani. 49. 
Synovia. (Gr. 5t;K, like, and L. otrr^m, 

an egg.) A fluid like the white of an 

egg. 60. 
Synovial membrane. 60. 

Tarsal (Gr. rap?o?, the middle and 
back part of the foot) bones, those 
which form the tarsus. 54. 
Tartar, 188 
Taste, classification, 159. 

" Importance, 160. 

" uses, 161. 
Tea and coffee, use of, 206. 
Teeth, 184. 

** care of the, 187. 

** as indicating the kind of food, 

206. 
Temporal bones, 16. 
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TeBdoDS. 60. 

Teiito'rium. (L.) The membnme which 

(«parat«8 the cerebram lh>iD the cere- 
bellain. aS. 
Thorax, the upper cavity of the trunk, 

ftra. 
Thorax, objects* of, 40. 
Thoracic icoutained in the thorax) 

duct. '296. 
Thymus l^nd, 291. 
Thyroid gland. -^1. 
I'hyroid cartUage, 354. 
Tibia. (L. a flute.) Large bone of the 

leg. 61. 
Times ol toking food, 911. 
TisHuee, any of the oiganised Bnbstanoes 

Ol the body. 
Tongue. 191. 
Tonsils, a mass of foUides on each pide 

the entrance of the pharsmx, note. 57. 
Trachea. (Or. rpaxvS, rough.) The 

air-passage to the lungs. S55. 
Tricuspid. (L. tres^ three, and ca^Ht^ a 

point,). The three pointed valv^ at 

the orifice between the right auricle 

and ventricle. 837. 
Trig.m'ini. (L.) Nerve. 111. 
Trochan'ter. (Gr.) The large processes 

oi the femur. 50. 
Trochlea'ris. (L. <rocW«i, a policy.) A 

nerve which goes to the superior 

oblique muscle ol the eye, so named 

because that muscle passes through a 

pulley near the inner comer of the 

ej-e. 
True skin, 106. 
Tym'panum. (L. adrnm.) Part of the 

ear. 140. 

Uhia. (L.. the arm.) The principal bone 

of the arm. 47. ' "^ 

Unguents, 980. 
Upper maziUaiy bones, M. 



Use of the bk>od-ce11s, 981. 
Use6 of ihe cranium, 91. 

** ** fcior, 55. 
^ pelvis, 43. 

** ** fcpine, 37. 

Valves of the arteries. 339. 
*' heart, 987. 
** ** veins, ^42, 

Vegetable food, 208. 
Vegetation the source of all food, 808. 
Veins, 94:2. ^^ 

** as absorbents, 875^ 
Ve'lnm pala'ti, 194. 
Ventilation, 263. 
Ventricles of the brain, 88. 
** " glottis, 954. 

" heart. 986. 
Vermicuhu* motion of the intestines. 

225. 
Verebra, 32. 

Ver'iebne, processes of the, 39. 
** cartilages of the, 84. 
** differences in, 83. 
Vei^iihnle, 141. . 

ViHciis. (L.) An oigan contained Jn 
any of the cavities of the body, pL 
viscera. 
Vision, erect, 199^ 
single, 130. 
Vital force, 267. . 
Vitreous humor, 197. 
Vocal cords, ^4. 
Voice. 964. 

Voluntary muscles, 67. 
Vomer. (L. a ploughshare.) 98. 

Waste In the system, 178. 
Water, 999. 

Yawning, 360. 

Zygomatic piocet8,.l& 
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}^ H^ouid call the ^special attention of Teacher^^ 
and of all n^ho are Interested in the subject of 
Education, to the foUoh^i.ig valuable list of School 
Sooks: 

BULLIONS' SEEIES OF GEAMMAES, Etc. 

A Common School Grafnmar. 

Being an Introduction to the Abulytical and Practical 
English Orammar, .. $0.59 

This work for beginners has tho same Rules, Defini- 
tions, etc., as the 

AnaZytical and Practical Enylish Grammar. 

A complete work for Academias and higher classes in 
Schools, containing a complete and concise system of 
AoAlysis, etc, 1 00 

progressive Exercises in Analysis and Parsing* 
Adapted to both Grammars, . • . • C 25 

fjatin Lessons, with Exercises in Parsing. . . 1 U) 

Prepared by Gborqb Sfsncbr, A.M., as Introd. to 
Bullions^ 

principles of Latin Orammar. New Edition. $1 50. 

BuUions S Morrises Latin Lessons. 

For beginners, with simple lessons to be learned each 
day» and Vocabulary, etc, 1 06 

0uUlon9 ^ MorHs^s Kew LiUitt Chyitnmart . • 1 89 
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f hBELDOS A COVJXSXm OnLLMOK TAXT-BOOKS. 

iMtin Meader* 

With Introduction on Latin Idioma. and Improved 
Vocabulary, etc., $1 51 

^keercises in Latin Conipoaition. 

Adapted to the Latin Grammar. .•••••••• I ^ 

Siey to Do. 

Separate, for Teachers only •••••069 

CcBaat^8 Cotnmenfarieft. 

With Notes. Vocabulaij, and Lexicon, 15^ 

With Notes and Refi^ences •.-••• 1 50 

Cficero^a Oratiotu9» 

With Notes and References to Andrews' and Stoddard's, 
as well as to Bullions' Grammar, • • • • 1 50 

LoMn^Etiglish IHctifmairif. 

With Synonyms. 1014 pages. • • • • 4 50 

First Lessons in Greek. 

Introduction to the Grammar, 101 

IPrinciples of Cfreek Grammar. New Edition, . . 1 7ff 
BuUions atid Kendrlck^M New Greek Gramm^aa*^ 2 00 

Greek Header. 

With Introduction on Greek Idioms. Impr. Le^. etc,,. • 2 29 

Cooper*s VirgiU 

With valuable English Notes, .•••••••• "2.T 

JjOng^s Classical Atlas. 

J Containing Fifty-two Colored Maps and Plans, and 
/ fl;>rming the most complete Atlas of the Ancient World 

ever published. 1 vol., 4to, 4 51 

]Paird*s Classical Manual* 1 vol., l6mo. . . • « ^ 90 

faUschm^idt^s Englisl^Latin ami Latin-English 

IHcUonaru^ v'orSchoc^. 900 pa«;es. l^mij^ • .# • to^ 
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** Bullions^ anelyticai and English Grammar has b«en In constant lute for sereral 
|earsin thisaa<l the other Public bcUooU of the city, it standi the test of asc. 
The more one sees of it the better It is liked. I consider it a Kucces&fiil v«irk ; and 
I know that this opinion is shared by other masters in and out of the public service." 
-•Jamks a. Paob, MiAhUr qfJhoight School, 

s •• We heartily concur in the above.'— b. W. Mason, Master of Eliot School, 

D C. Bkown, MiittUr o/Btnodoin SchooL • 
Joshua Batks, M<MUr t/Brimmtr SchoH 

**We have nsed Bullions* Analytical Eni^lish Grammars In our Public Schooit 
ftearly two years w-th success. We And them an improvement on those pTeviou!«iy 
in use. Bullions* small Grammar is a tit Introdaction to the hurge one."-* J. D. 12. 
JoMBSf Stipt. o/Sc}nfolH, Worcester, Mass, 

**I have use 1 BuII'ons* Analytical EngKsh Grammar some two and a half years, 
and am ready U* give it my approval. I have not failed to pronounce it tiie bei>t 
text-book on Orannuar whenever I have bad of^rtnnity t^o do so. I now bave a 
class of ninety in it, And it bo4irs the drill of the school-room."* — Rev, J. W. Uard- 
KRB, Principal of Jfevo London 'N. ff.) JntftUuU, 



BEOOELESBT'S ASTBONOMHIS. 

jBrocMesby^s Cknnmon Schooi Aatronmny* 

12mo. 173 pages, .......... i . .^ 31^ 

This book is a compend of 

^rockiesby^s Elements of Astrfntomj/. 

By John Bbocklesbt. Trinity College, Hartford, Conn. 
12mo. Fully illustrated. 321 pages, 1 75 

In this admirable treatise ^le author has aimed to preearve the 
great principles and facts of ine science in their integrity, and so to 
arrange, explain, and illustrate them that they may De clear and 
intelligible to the student 

* We take great pleasure in calHnsr the attention of teachers and stndents to this 
Uu\y excellent book. Both the plan and oxecmiim of the whole are equally admir- 
• Ifk II Is not a milk-and-water compilation, without principles ind wiilioi c 
tf inonstration. It contains the elements of the Hclence In their proper integrity ai.i 
roportlons. Its author is a learned man and a praetioal instructor, as the aiithi f 
every school-book should be. The style i.<< a model for a text-book, combining in 
f Igh degree, perspfcnity, precision, and vivacity. In a word, it Is Uie very l»e»t 
•lementary work on Astronomy with which we are acquainted.**'— Cbnii/ctictil 
Common School Journal. 

•*Tbi8 Is a compact treatise of 820 pnges. containing the elements and m«*t of tl»e 
Important facts of the scienct^ clearly presented and systematically armnued. It Is 
very fln«dy illustrated. It irt worthy of a caMhl examinatloa by all wwt wiab tt 
m^*ir^ tif beat text-booka.'* ^Ohu> Journal ^BiucaUon, 
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EEETEL'S FRENCH METHOD. 

A New Method of LearHin^ th^ Preueh Language. 
By Jrah Qubtayk Keetelb, ProfeaBor c^ French and 

Qerman in tbe Brookifn Polyteehnic bwUtnto* l&no^ . $1 78 
4 Key to the New Method in French. 

By J. a Kbrhjb. 1 Tid. 12IIIO. 6 

It t b«v« erunlned Keateb* Hew MHbod of LMunlnir the French Lani^ua^e. and 
fnd atftdm^rablj Adapted Ibr eonvejiaf a U-erouirfa knowledge of the French lain 
»ua<e. At U an easy and sura method of l^/Oth writing and spe&king French with 
•eeank.> and elegance.**- -Dabikl Ltmcb, i. J, Director of StwdUt i% GoHoaga 
OMsge, U^jJUngUm. 

**The * New IfMhod of Learning tne French Language,* by Professor Keetehi 
i^ptant to be exceedingtj weU adaoted as an Introdaction Into tke study of French. 
I; U em|»liatto«ny a practica) book, and bears the mark that it has resatted from tbe 
•nthor*tf own exp^ence in teaching. I shall take ploMsnre in soon giving It tl»e test 
•fa trial in my own Instltnte.**— Oswald SciDUisnouu, Principal qftks ComttUT' 
€ial and CUumical In^iUuts^ Pkiiadetphia, 

** I have exanined several books designed for pnplls stodying the French langnase, 
And among thsm Koetels* * New Method of the French. ' The Ust work I ennsider 
uperior to a»y other which I have ezamlned. and shall use it in n^y classes as tte 
ksst text-book upon the subject "--A. A. FAaaAXo, TrsnUm^ If. J. 

FEISSNEB'S GERMAN GRAMMAR. 

A CowkparaUve English^Qerman Chrammar. 

Based on the aflOnitj of the two languages. Bj Prof. 
Ell\8 Pbissneb, late of the Unwersitj of Monich, and 
of Union College, Schenectadj New edition. 81§ pp., . fl 78 
•• Prot Pel8»ncr»s German Grammar has been, ftrom its first pnbUeation and Is 
now, used as a'text'book in this College, and has by the teachers here, as in m.nny 
•ther Institutions, been esteemed a superior work for the end to be subserved by it, 
In attaining a knowledge of the elements of the German language. I oordiiUly rec- 
•inmeml it to the attention and use of sncb American Academies and OolIe|t''S as are 
ksigne-.l to give instruction in the German language.** ~L. P. Hiokok, P^ -wlif s* ! 
Vnum, ColUge, N, F. 

GOMSTOGK'S SERIES. 

^stein of Natural Philosophy. 

Be-wiitten and enlarged, including latest disoovenee. 

Fully illustrated, f 1 79 

pietnenfjf of Chetnhftrp. 

Be-written 1861, and adapted to the present state of the 
Mcsioe, 1 71 
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OLNET'S GEOGRAPHY, 

Olney's Geography and Atlas. 

Revised and improved, by tlie addition on the Maps of 
the latest information and discoveries. New Plates and 
Woodcuts. Atlas, 28 Maps. Geogn^7,18mo,304pages, $3 ^ 
These favorite text-books, of which more than a million have beea 
#>ld, are kept up to the times bj the publishers, who add the late^i 
geographical information on the large and beautiful Maps and in tl • 
Text-Books, so as to make them worthy of the claim that they aid 
Uie best works for the study of Geography now published. 

PALMEfi'S BOOK-KEEPING. 

Palmer* s Practical Book" Keeping. 

By Joseph H. Palmer, A.M., Instructor in New York 
Free Academy. 12mo. 167 pages, «, . $1 90 

Planks to Do, (2 numbers. Journal and Ledger), each , 50 

Eey to Do 10 

This work is adopted by the Boards <rf Education of the cities of 
^ew York and Brooklyn, where it is generally used in schools and 
recommended by teachers. It is also recommended by accountants 
of prominent commercial firms, and the Press. 

Whately^s Elements of Logic. 

By Richard Whatbly, D.D , Archbishop of Dublin. 
New revised edition, with the Author*s last Additions. 
Large 12mo. 484 pages, $1 75 

"This work (Elements of Logic) has long been our text- book he»v The style in 
Hhich you have published this new edition of so vaUmiile a work. leiive« nothing t<i 
W desired in regard of elegance and convenience."— P/*f»/C Daxy, BrtnenCn^ivsriHI •* 

*• Its merits are now too widely known to reqnire an oniimenition of them T4 1 
^ esent American edition of it is conformed to tlie ninth Eniflish edition, which WhI 
r vised by the author, and which contains several improvements on th« tornt^ 
^mesJ"— North American Jieview, 

Wtiately^s Elements of Rhetoric^ 

Comprising an Analysis of the Laws of Moral Evidence 
and of Persuasion, with Rules for Argumentative Com 
positimi and Elocution. New edition, revised by the 
Author. Laige 12mo. 540 pagei^ •••••••• 4^ 71 
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**The Rlomeots of RhetoHe hM become to naeh a stemlard wort that !t mtgM 
9tem toperfluous tu tpfak t^ It. In short, wo should not dream of teach ins a Col« 
life elaas fW>ia any other book on Kiietoric. Couoinnnion with Wliatvly*s mind 
%oald Imiirove any mind on earth.**— PrM&y<er</m QuttrUrly Retiev>. 

The above are the editions formerly published by James Muitror 
ft Co., Boston, and the best in the market. Thej are used in aU tLa 
principal Colleges and Academies in the Umted States. 
fitches Mapping I^lates. (In one vcdume, quarto.) 

Designed for Leameis in Geography ; being a collection 
of Plates prepared for Delineating Maps of the World, 
and Counties forming its principal subdivisions, viz , 1. 
The World. 2. United States. 3. North America 4 
South America. 5. A State. 6 Mexico and Guatemala. 
7. Great Britain and Ireland. 6. Europe. 9. Southern 
Europe. 10. Germany 11. Africa. 12 Asia, la At- 
lantic Ocean. 14. Padfic Ocean By Geo. W. Fitch, . fO 60 

NORMAL MATHEMATICAL SERIES. 

Stoddard^ H Juvenile Menial Arithmetic^ 

ByJoHnF. Stoddard, A.M. For Primary Schools. 72 pp., fO 25 
BtodtlnnVti American InteUectmU Arithmetic. 
By the same. An extended work, designed for Common 
Schools, Seminaries, and Acadennes. 172 pages, . , . 50 
BUkldard^s BudimetUs of Arithmetic. 

This work presents, in proper order, such parts of 
Arithmetic as are most usefid in ordinary business com- 
putations. 192 pages, 50 

BtodtlartVH New Practical Arithmetic. 

Embiadng methods and forms of modem business, with 
Analyses and many varied Example& 192 pages, ... 1 00 
Key to StoddarfVs New Practiad Arithmetic. . 90 
Methods of Tea^Unff and Key to Inteliec. Aritlu 5J 
gchuyier^s Higlier Arithmetic. 

A new and original work for Colleges, Seminaries, 
Academies, and High Schools. By A. Schtjylbr, of Ohia, * w5 
tftoddard & Hefilcle*» Elementary Algebra. 

For the use of Common Schools and Academies. By 
JoBK P. Stoddabd, A.M , and Prot W. D. Henklb. of 
Ohio South-western Normal School* ,•••«#«« 125 
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Key to Stoddard 4R Henkle^s Element. Aigebraf %\ Si 

Stoddftrd <© Henkle^s Un/iversity Algebra* 

¥Gt High Schools, AcademieR, and Colleges. By John 
F. Stoddard, A.M., and Prof. W. D Hbnklb. 526 pp., . 2 00 

^ey to Stoddard S HenJcle^s University Algebra.''^ Of 

** I have ezamlned Stoddard & Henkle'c University Algebra. It is a thor<Wf h 
And elaborate work. It oinbinej clearness and simplicity in its inetliod and illus- 
trations, and constitutes a valoable addition to thu mathematical works of tl>e day.** 
— Cybus^utt, am., Pro/MBor of Mathematics in the Indiana A*itbury UnitTy, 

** I have examined Stoddard*s American Intellectual Arithmetic, and cheerfully 
recommend it to teachers and parents as a valuable elementary work, and mie well 
adapted to the wants of pupils in the first stajres of arithmetie. It is con6tructed 
npon sound and practical principles, and will be found an important addition to the 
ti'Xt-books now in use in our Common Schools." — Hon. Samlbl 8. Randall, 8upt 
qfNew York City Scfutole. 

*' Stoddard's Arithmetical Series is now in general use In the schools of this county. 
They have stood the test for four yeara us the text-books in Arithmetie in our 
sch<K>ls, and are considered by our teacburs superior to any othere now before the 
»ablic''— ifr. S. A. Tobrill, late 8upL qf Public Schoole of Waynt Ooanty^ Pa. 



HOOKER'S PHYSIOLOGIES. 

Hooker^s Finit Book in Bhysiology. 

Fop Pdblic SchoAte, |0 90 

Hooker^ 8 Human Physiology and Hygiene* 

For Academies and general reading. By Worthzng- 
TON Hooker, M.D., Yale CJollege, ......... 1 7C 

These books are text-books almost wherever they are known. 
ITie "First Book" is a text-book in the PuWic Schools of Boston, 
New York, Buffalo, and San Francisco. 

" Professor Hooker's work on Pbysloloffy has be«n In nse <br the last year in the 
Normal Schiwd in this city, and it gives me ireat pleasnre to express my convictions 
of its excellence as a text-book. In the course of my experience as a teacher, I hav# 
used the books of various authors on the subject of Physiology, but the work of 
Professor Hooker satisfies me much more fkilly than any other that I have used. It 
has the douMf advantace of being accurately scientific in its matter and arranee- 
ment. and of being expressed in correct and elesrant English, a combination of the 
Mgbest importance, and yet seldom attained to the extent exhibited In this book. 
y know of no book for Which I would be will inff to exchange it^**— &ioaAS»*SD'WAKO% 
JRm/., /*/'«•. tU. yomutl VhiverHtyr^lootninoton, JU, 
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8 BSBLDOir A OOHPAHT^ OOLLBGB TKZT-BOOkS. 

The Elemenis of InteUecUuU BhUesaphy. 

By Fbakcis Watland, D.D. 1 voL 12ino, $1 75 

This clearly written book, from the pen of a scholar of eminent 
ability, and who has had the largest experience in the education of 
the hmnan mind, is unquestionably at the head of text-books in 
Intellectual Philosophy. The author's practical suggestions on the 
cultivation of the several facalties of the mind, aiding the student's 
efibrts to discipline and strengthen his intellectual energies, and 
the numerous references to books of easy access, specifying the 
places where topics treated of are more fully discussed, make tliis 
book a valuable addition to the readable books of any teaclier or 
professioaal man. 

The ExhUMian Speaker and Gymtutstic Booh* 

Ckmtaining Farces, Dialogues, and Tableaux, with Ex- 
ercises for Declamation, in Prose and Verse. Also, a 
Treatise on Oratory and Elocution, Hints on Dramatio 
Characters, Costume, Position on the Stage, Making Up, 
etc, etc., with illustrations. Carefully compiled and 
arranged for School Exhibitions, by P. A. Fitzgbralo. 
To which is added a complete System of Calisthenics and 
Gymnastics, with instructions for Teachers and Pupils, 
illustrated by numerous Engravings. 1 vol. 12mo, . . $1 25 

Shawns OuUines of English Uteratuf^em, 

By Thos. B. Shaw, with a sketch of American Litenh 
tnre, by Hbnrt F. Tttckerman, Esq. 1 vol. royal 12mo, $1 ^5 

** Its merits I had not now for the first time to lesni. 1 have nsed it for two jearft 
M a text-book, with the greatest satls&ction It was a happy eoneeption, adraimblr 
executed. It Is all that a text-book on snch a subject can or need be, oomprising a 
indiclons selection of materials, easily yet effectively wrought. The author attempts 
Just as mnch as be ousht to. and does well all thnt ho attoin|»ts ; and the best of the 
book is the geiiial itpirit, the genuine love of genius and its works which thoroughly 
iWrvatles It, and makes it just what you want to put into a popiPs hands.**— /»«}< 
J. II. Ratmonis UnioerttUy ofBochmier, 

*" or ^8haw*s English literatare* I can hardly say too mneh In praise. I hope Itf 
Adoption and use as a text-book will correspond to ita great iiierit8."-.Prq/: J. i; 
PioKAKD, Ilk ColUg^ 



l^br mare paXL pm^eutartf aend for 8eh4>€i Cataioffue, 

Addiefis SHELDON & OOHPANT, Pitbliseebs, 

600 UajA^VAT, H£W TCSi: 
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Sheldon & Company^s Text-^ooks, 



HISTORIES OF THE UNITED STATES. 

By Benson J. Lossing, author of " Field Book of the Revolu- 
tion," "Illustrated Family History of the United States," &c. 

These books are designed for different grades of pnpUs and adapted to the 
time osnally allowed for the stady of this important subject. Each embraces 
the history of our country from its discovery to its present administration. 
The entire series is characterized by chasteness and clearness of style, accuracy 
of statement, beauty of typography, and fhllness of illustration. It is admira- 
bly suited to class recitations by copious marginal notes and questions, which 
greatly assist the teacher, while its views, portraits, maps, and diagrams, have 
the utility and attractiveness of object lessons, aiding the comprehension of 
the learner. The author has spent the greater part of his life in collecting 
materials for, and in writing history, and his ability and reputation are a suffi- 
cient guarantee that the work has been thoroughly done, and a series of 
histories produced ttiat will be invaluable in training and educating the youth 
of our country. 

Lossing^ 8 JPriinary History » 238 pages. Price $1.00. 

Lossing^s Grammar School History, 288 pages. Price 

$1.25. Containing the Constitution of the U. S., with Review 

Questions. 

The fiacts of this book have been drawn chiefly from original sources of 
information, and errors in the history of our country have been corrected. 
This book also containe a large number of views of places, things, and events 
wliich greatly assist the memory of the pupil. 

Lossing^ 8 Common School History. 883 pages. Price 
$1.75. Containing the National Constitution, Declaration of 
Independence, biographies of the Presidents, and Questions. 

Loss'ng's Pictorial History of tlie United States, 

428 pages. Price $2.00. 

This work is arranged in six chapters, each containing the record of an Im- 
portant period. The First exhibits a general view of the Aboriginal race who 
ospupied the continent when the Europeans came. The Second is a record of 
all the JHacoveriea and preparations for settlement made by individuals and 
governments. The Tliird delineates the progress of all the SistUements until 
colonial governments were formed. The Fourth tells the story of these 
Colonies from their infiincy to maturity, and illustrates the continual develop- 
ment of democratic ideas and republican tendencies which finally resulted in 
a political confederation. The Fifth has a ftill account of the important events 
of the War for Independence; and the Sixth gives a concise Bisfortf oftfu 
Bepublic from its formation to the present time. 

Losslng^s Bicforial History of the United States. 

428 pages. Price $2.00. 



Any of the above sent by mci\ post-paid^ on receipt qf price. 
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Sheldon d: Company^s Text-liooks. 

A Complete Manual of JEngUsh Literature* By 

Thomas B. Shaw, Author of "Shaw's Outlinea of English 
Literature." Edited, with Notes and Illustrations, by William 
Smith, LL.D., Author of " Smith's Bible and Classical Diction 
aries." With a Sketch of American Literature, by Hejney T. 
TuCKERMAN. One vol. larg© 12mo. Price $2. 

Li this American edition of a valuable English work is appended 
a sketch of American literature, by a candid and felicitous author, 
which adds greatly to the interest and usefulness of the book for 
the schools and libraries of this country. In a con\ enient-sized 
volume is given, in brief review, the merits of all the prominent 
British and American writers — Essayists^ Dramatists, Novelists, 
Historians, and Poets. 

" Its merits I had not now for the first time to learn. I have used it for two 
years as a tczt-book, with the greatest satisfaction. It was a happy concep- 
tion, admirably executed. It is all that a text-book on such a subject can or 
need be, comprising a judicious selection of materials, easily yet effectually 
wrought. The author attempts just as much as he ought to, and does well all 
that he attempts ; and the best of the book is the genial epirit^ the genuine 
love of genius and its works which thoroughly pervades it, and makes it just 
what you want to put in a pupil's hands."— J. H. Hatmond, President qf Vas- 
sar Female College, 

"I had already determined to adopt it as the principal book of reference in 
my department. This is the first term in which it has been used here ; but 
from the trial which I have now made of it, I have every reason to coBgratu- 
late myself on my selection of it as a text-book."— R. P. Dukn, Brown UhU 
v^sity, 

Shaw's Specimens of English Literature. A Companion 
Book to the above. By Thomas B. Shaw.. Edited, with Notes 
and Illustrations, by William Smith, LL.D., and Prof B. N. 
Martin, New York University. One volume largo 12mo. 
Price $3. 



These two volumes offer the best Series of Text-Books on 
English Literature yet published. 
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